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FOREWORD 


This report describes the results of thermal fatigue and 
'oxidation testing of test Series 7 specimens on NASA contract 
NAS3-17787. The report covers part of the work conducted on 
this contract during the period !_• January 1975 to 15 January 
1977. Other IITRI work on fluidized bed thermal fatigue test- 
ing has been reported in NASA CR-72738, CR-121211, CR-121212, 
and CR-134775. 
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SUMMARY 


Thermal fatigue and oxidation testing described in this 
report is part of a general study of thermal fatigue being 
conducted by the NASA-Lewis Research Center. Earlier work in 
the study has been reported in NASA CR-72738, CR-121211, CR- 
121212, and CR-134775. All testing on this contract has been 
conducted employing fluidized bed heating and cooling. Test- 
ing in this program was over the temperature range 1088°/316°C 
employing double-edge wedge specimen. 

Thermal fatigue and oxidation data were obtained on 61 
specimens, representing 15 discrete alloy compositions or 
fabricating techniques and three coating systems. Conven- 
tionally fabricated alloys included V57, MM 002, Rene 77, 

Rene 125, MM 246, MM 509, IN-738, IN-792 + Hf, and MM 200 + Hf. 
The directionally solidified alloys were MM 200, MM 200 single 
crystal, MM 200 bicrystal, cellular v/v'-»=, lamellar v/v'-* 
and lamellar v/v’-* (0.06C). The coatings systems included 
pack aluminide (JoCoat) on IN-738 and IN-792 + Hf. Overlay 
coatings evaluated included NiCrAlY on IN-738, IN-792 + Hf, 

MM 200 DS, MM 200 DS single crystal, and cellular v/v'-^ and 
NiCrAlY/Pt on lamellar v/v'-*' and lamellar v/v'-5 (0.06C). 

Specimens of uncoated MM 200 DS bicrystal, MM 200 DS single 
crystal, and MM 200 DS survived 15,000 cycles without transverse 
cracking on the small radius of the double-edge wedge specimen. 
The lamellar v/v'-6 eutectic specimen, both NiCrAlY/Pt-coated 
and uncoated, survived 4500-7500 cycles prior to first crack 
initiation. Cellular v/v'-6 eutectic exhibited variable ther- 
mal fatigue resistance of 75-7500 cycles to first crack initia- 
tion. However, all eutectic specimens developed longitudinal 
cracks prior to 200 cycles. Aluminide coatings on IN-738 and 
IN-792 exhibited cracks in 150-250 cycles compared to 250-600 
cycles for the uncoated alloys. The NiCrAlY overlay coatings 
on IN-738, IN-792 + Hf . and MM 200 + Hf DS exhibited initial 
thermal cracks at 2250-4250 cycles. Uncoated alloys V57, 

MM 002, and Rene 77 cracked in 75-150 cycles, whereas first 
crack initiation in Rene 125, MM 246, MM 509, and MM 200 + Hf 
occurred in 150-400 cycles. 

All the uncoated alloys, except MM 509, exhibited signifi- 
cant oxidation weight loss in 7,500-15,000 cycles. MM 509 spec 
mens had weight losses only slightly higher than coated speci- 
mens through 7500 cvcles. All coated specimens had low weight 
loss . 
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INTRODUCTION 


This report, NASA CR-135272, on Contract NAS3-17787 sum- 
marizes thermal fatigue and oxidation data for 61 specimens of 
conventionally fabricated nickel- and cobalt-base superalloys, 
directionally solidified nickel-base superalloys, and direction- 
ally solidified eutectics. Coatings on selected alloys were 
evaluated in the program. Double-edge wedge test specimens were 
cycled in a fluidized bed facility over the temperature range 
1088‘’/316”C (1990V600°F) for periods up to 15,000 cycles. 

Heating and cooling times were 180 sec each for a total thermal 
cycle of 360 sec. Weight change, as well as crack initiation 
and propagation, were obtained in the program. 

Thermal fatigue data obtained previously on this contract 
have been reported in NSAS CR-134775. Additional thermal 
fatigue data obtained in the IITRI fluidized bed on Contract 
NAS3-14311 are reported in NASA CR-72738,(2) CR- 121211 , (3) a^d 
CR-121212 . This effort comprises part of the general study 
of thermal fatigue being conducted by the NASA-Lewis Research 
Center. Further details of the ftudy have been reported by 
Spera et al.,'3,6) gi^on et al.,'^”°^and Howes. 

Any material exposed to repeated rapid thermal transients 
is subject to tensile failure by thermal fatigue, also sometimes 
defined as thermal shock. The thermal fatigue degradation mech- 
anism involves accumulation of damage during multiple thermal 
cycles. Thermal shock, on the other hand, generally involves 
failure in relatively few cycles. The difference generally 
lies in the tensile ductility of the material within the temper- 
ature range of the imposed thermal cycle. Ductile materials 
tend to fail by thermal fatigue, whereas brittle material, " ac- 
ture by thermal shock. 

Material properties, other than ductility, important in 
thermal fatigue are hot tensile strength, elastic modulus, ther- 
mal condu.ctivity , and thermal expansion. Oxidation resistance 
apparently also plays a role in thermal fatigue. The inter- 
relationship of material properties, the imposed thermal cycle, 
and component geometry defines the ability of a structure to 
resist thermal fatigue. However, the synergistic effects of 
these variables are quite complex and prediction of thermal 
fatigue behavior from basic properties is difficult. A major 
objective of the current NASA program is to develop and verify 
a usable model for thermal fatigue by comparing experimental 
data with computer-derived predictions of thermal fatigue life. 

Thermal fatigue data in this report were generated using a 
multiple retort fluidized bed test facility consisting of one 
heating bed and tvn rool ing beds Glonnv and co-workrrs report- 
ed the first use of fluidized beds to study thermal fatigue. 
Fluidized bed heating and cooling provides very rapid heat trans- 
fer for both portions of the thermal cycle. An additional 
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advantage of fluidized bed testing is that it provides a 
ready means of exposing a number of samples under identical 
test conditions. In this program, up to 36 test specimens 
were exposed simultaneously. 

The objective of the thermal fatigue test program was 
threefold: 

1. Determine the number of imposed thermal 
cycles to initiation of the first trans- 
verse crack. 

2. Obtain data on the rate of propagation of 
the three largest cracks. 

3. Generate qualitative oxidation data for 
the various materials. 

Cycling of test specimens was generally continued until 
the three largest cracks reached a length of about 10 mm 
(0.4 in.). This corresponds to the approximate width of the 
tapered section of the test specimen. In some cases, expo- 
sure of specimens was continued in order to obtain oxidation 
data for specific alloys. 

During the test program, some alloys exhibited longi- 
tudinal cracks originating in the end notches used for speci- 
men support. Longitudinal cracks were sometimes observed 
prior to initiation of transverse cracks in the radiused test 
section. Whenever longitudinal cracking was significant, the 
crack lengths were also measured at each inspection period. 
Longitudinal cracks are significant because they alter the 
stress distribution in the test specimen and thereby modify 
transverse cracking behavior. 

2. EXPERIMENTAL PROCEDURE 

2.1 Materials 

Thermal fatigue testing in this program involved 61 sped 
mens of bare and coated high temperature alloys consisting of 
15 distinct alloy compositions and/or fabrication procedures. 
In addition, 10 coating-substrate combinations were evaluated 
At least two specimens of each alloy condition or coating- 
substrate combination were evaluated in the program. All tes 
specimens were supplied by the NASA-Lewis Research Center 

Table 1 is a summary of the compositions of the 15 basic 
test alloys and/or alloy conditions. Compositional data were 
supplied by the alloy producers. All IN-792 specimens were 
hafnium modified, but only part of the MM 200 specimens con- 
tained the hafnium addition. The MM 200 directionally solid! 
fied single crystal and bicrystal specimens were of the un- 
modified composition. 
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Tensile properties at 760°C (1400°?) and creep-rupture 
properties at (1R00°F) of the test alloys are summarized 

in Tables 2 and 3, respectively. These data were generated at 
the NASA-Lewis Research Center on the same heats of the alloys 
used to fabricate the thermal fatigue specimens. Significant 
deviation for the time-to-rupture at proof stress is observable 
for IN-738. 1111002. Rene 77, arid ^fM 200 Hf ip. Table 3. 

Determination of the effects of three coating systems on 
thermal fatigue resistance was included in the test program. 

A pack alumlnide coating (JoCoat), applied by specification 
PWA 273, was evaluated on both IN-738 and IN-792 + Hf. A 
NiCrAlY overlay coating, applied by specification PWA 267, was 
evaluated on IN-738, IN-792 + Hf, MM 200 + Hf, and cellular 
v/v'-6 eutectic substrates. Finally, a NiCrAlY/Pt coating, ap- 
plied by specification PWA 267 + Pt,was employed for direction- 
ally solidified specimens of the lamellar v/, '-' and ,/• 

(0.06C) eutectic alloys. In this report, the NiCrAlY coating 
is defined as "overlay," whereas the platinum-containing over- 
lay coating is identified as the NiCrAlY/Pt coating. 

2.2 Test Conditions 

The fluidized bed thermal fatigue test facility is shown 
in Figure 1. This equipment includes one hot bed and two cold, 
or intermediate, temperature beds. The lower bed temperature 
is maintained by a water-cooled heat exchanger for testing at 
ambient cold bed temperatures. For testing at a 316°C (600° F) 
intermediate bed temperature in this program, the heat exchang- 
er was removed and the desired intermediate bed temperature was 
maintained by the heating elements. Heat transfer media in 
both hot and cold beds was 28-48 mesh tabular alumina. 

During testing in this program, up to 36 test specimens 
were cycled simultaneously in two coupled holding fixtures. At 
any time during testing, one holding fixture was in the hot bed 
and the other in either of the two intermediate beds. The 
transfer carriage, operated by air cylinder, can be programmed 
for any combination of heating and cooling time. Transfer time 
between beds was about 5 sec, ..nd the heating and cooling time 
180 sec each in the current test program. 

Thermal fatigue data in this progtarr. were obtained using 
the 101 mm long double wedge simulated blade shape and the hold- 
ing fixture shown in Figure 2. Test specimens were supported 
by 6.3 mm wide notches machined 6.8 mm deep in the ends of the 
specimen. The notched specimens provide ease of fabrication 
and specimen removal from the fixture for examination. In ad- 
dition, the potential for superimposition of mechanical stresses 
due to the fixture is minimized. 

The holding fixture shown in Figure 2, capable of retain- 
ing 18 test specimens, was fabricated from austenitic stainless 
steels. End plates were 12.7 mm thick 310 stainless steel 
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with a radius 0.25 mm less than the specimen notches. 

The side supports were fabricated from 304 stainless steel 
channel. During testing, the test fixture also generated 
thermal fatigue cracks and required frequent replacement. 

Thermal fatigue testing of the 61 specimens was con- 
ducted in two basic groupings of 36, cycled nominally for 
7500 cycles at 1088V316X (1990“ /600“F) . The Group 1 
samples consisted of 36 double wedge samples without prior 
cycling. Group 2 specimens consisted of 25 specimens with- 
out prior cycling and 12 specimens from Group 1 that did not 
crack in 7500 cycles. Group 1 specimens were also added to 
the second test sequence as Group 2 samples were removed 
from testing due to excessive cracking. Accordingly, eleven 
of the Group 1 samples were exposed for 15,000 and one for 
13,000 cycles. These 61 test specimens comprised test Se- 
ries 7 of Contract NAS3-17787. 

During testing at 1088°/316°C, specimens were removed 
at selected intervals for gravimetric analysis and crack 
length measurements. The nominal removal times were 25, 50, 
100, 200, 300, 500, 700, and 1000 cycles, followed by exam- 
ination every 500 cycles for exposures greater than ICOO 
cycles. Lengths of the three longest cracks were determined 
by visual measurements under a microscope at 30X. The number 
of cycles to crack initiation was taken as the average of the 
number of cycles at the last inspection witnoat cracks and the 
nu Tiber of cycles at the first inspection with a crack. How- 
ever, specimens vers generally retained in the test program 
after crack initiation to obtain oxidation data. 

Table 4 summarizes the dimensions and identification 
of the 61 test specimens evaluated in the program. Both the 
as-received and final dimensions are shown. Data on total 
thermal cycles imposed on each specimen are included for 
reference. 

3. RESULTS 


3.1 Oxidation Behavior 

Weight change data for the 61 test specimens are con- 
tained in Tables 5 through 7. Table 5 comprises weight 
change data for Group 1 specimens through 7500 cycles; 

Table 6 provides similar data for Group 2 samples. Oxida- 
tion data in Table 7 are for Group 1 specimens for the 7,500 
to 15,000 cycle exposure. These data are separated from 
the Group 1 initial information in Table 5, since they were 
generated along with oxidation data for the Group 2 speci- 
mens . 
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Figures 3 to 6 are plots of the oxidation data for four 
selected groupings of the ?5 discrete alloys and/or alloy- 
coating combinations. Plotted data are for the average of the 
duplicate and/or triplicate specimens of each alloy condition, 
except for the cellular v//-r eutectic samples (Nl,0l) in 
Figure 6, The plot in Figure 6 is for a single sample of cellu- 
lar v/v*-6 eutectic (Nl) and overlay coated cellular v/-, '-' 
eutectic (01) . 

Oxidation data in Tables 5 to 7 and Figures 3 to 6 are ex- 
pressed in percent of the original weight since oxidation is 
not uniform over the test specimen. In general, the majority 
of the oxidation occurs on the wedge areas of the specimen. 

This is because these areas are exposed to the maximum tempera- 
ture of the thermal cycle for longer periods than the thicker 
center section of the specimen. Thermocouple calibration tests 
reported in NASA CR-12121l(3) indicated that for double wedge 
specimens the center section of the specimen is nominally 17- 
30°C (31-54° F) less than the maximum temperature of the wedge 
section at the end of a 180 sec heating cycle. Thermocouple 
calibration data also indicate that the wedge sections of the 
specimen were within 25° C of the 1088° C maximum temperature 
for the average time of about 75 sec at the end of the 180 sec. 
Qualitatively, therefore, the cumulative exposure was equiva- 
lent to about 20 hr at 1088° + 25° C (1990° + 45° F) for each 
1000 cycles of testing. This corresponds to 150 and 300 hr 
for 7,500 and 15,000 cycle exposures, respectively. Rapid 
thermal cycling, however, accelerates oxidation significantly 
in comparison to isothermal exposure at 1088° C (1990°F). 

Figure 3 indicates that uncoated hafnium-modified MM 200 
and MM 200 DS exhibited better oxidation resistance than MM 
200 DS single crystal and bicrystal material. At 7500 cycles, 
weight losses were 2.87o and 3.87„ for MM 200 + Hf and MM 200 + 

Hf DS, respectively. At this exposure, the weight losses were 
5.87o and 6.57. for MM 200 DS single crystal and MM 200 bicrystal, 
respectively. At 15,000 cycles, weight losses were 7.67, for 
MM 200 + Hf DS compared to 10.37, for single crystal MM 200 DS 
and 11.37 for bicrystai MM 2D0 DS. 

The NiCrAlY coating on single crystal MM 200 indicated 
slightly smaller weight loss (0.077o) at 7500 cycles compared 
to the overlay NiCrAlY coating (0.14-0.157,) on MM 200 + Hf and 
MM 200 + Hf DS. Weight loss of the overlay coating on MM 200 
+ Hf at 15,000 cycles was 0.57,. Visually, none of the coatings 
on the MM 200 materials indicated significant deterioration 
through the 7,500 or 15,000 cycle exposures. 


Figure 4 compares oxidation of 
anil rCl 509 with thai of ''oating;, on 
7500 cycles v.^as 5.6-5.37 for I'.J-733 
less than single and bicrystalline 


uncoated IM-738, IM-792 + Hf, 
these allovs. Weight loss at 
and IM-7 92 + Ilf. i.e. , slig 
directionally solidified MM 
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but about twice that of MM 200 + Hf. MM 509 exhibited a weight 
loss at 7500 cvcles (0.32%) similar to that of aluminide coated 
IN-792 + Hf (0.24%) and IN-738 (0.18%. 6000 cycles), as well as 
that of the overlay (NiCrAlY) coatings (0 . 27-0 . 337o) on these 
alloys . 

Oxidation data plotted in Figure 5 are for the uncoated 
superalloys V57, MM 002, MM 246, Rene 77, and Rene 125. For 
these alloys the highest weight loss rate was for V57 specimens 
— 6.6% after 2000 cycles. At this exposure. V57 samples were 
removed from the test. Rene 77 exhibited the second highest 
weight loss of 7.1% at 7500 cycles, compared to 4.0 and 5.0% 
for MM 246 and Rene 125, respectively. Lowest weight loss 
(1.4%) after 7500 cycles was recorded for MM 002. 

Figure 6 is a plot of the percent weight change for the 
y/y'- 5 eutectic specimens. For the uncoated alloys, the single 
cellular eutectic specimen, Nl, indicated a higher weight loss 
(5.3%) than the average of the duplicate lamellar (3.2%) and 
lamellar 0.06C (2.57») eutectic specimens at 7500 cycles. The 
NiC.rAlY/Pt coating exhibited low weight loss, 0.07 to 0.14%, 
on both lamellar y/y'-f and y/y'-6 (0.06C) DS specim.ens. 

Weight change data for the uncoated alloys at 7500 cycles 
reflected the following ranking in order of increasing oxida- 
tion resistance: V57, Rene 77, MM 200 DS bicrystai, IN-792 -t- Hf. 

IN-738, MM 200 DS single crystal, cellular y/y'-5 eutectic, 
lamellar y/y'-& (0.06C) eutectic, MM 002 and MM 509. For com- 
parison, MM 509 exhibited weight loss (0.32%) about one-twentieth 
that of Rene 77 (6.1%) and one seventeenth that of IN-738 (5.6%) 
after 7500 cycles. 

Weight change indicated little difference in oxidation 
behavior of the three coating systems through 7500 cycles. 

Weight losses for all coated specimens were low, 0.07-0.8%. 
Generally, the NiCrAlY/Pt coating indicated the lowest weight 
loss (0 07-0. 147o), with pack aluminide intermediate (0.27%), 
and the NiCrAlY overlay having highest losses at 0.27-0.79%. 

At these relatively low losses of U. 08-0. 9 g (0.07-0.8%,) a 
significant contribution to the weight loss may have been due 
to spalling of metal from the fatigue cracked areas. The high 
weight loss of DS MM 200 and the eutectics indicates that pro- 
tective coatings are required for these alloy systems. 

3 . 2 Thermal Fatigue Res ’stance 

Accumulated thermal cycles to first crack initiation for 
Group 1 and Group 2 specimens are summarized in Tables 8 and 
9, respectively. In these tables, the alloys are ranked in 
increasing cycles to first crack initiation on the 0.635 mm 



small radius. Thermal cycles to crack initiation on the 1.016 ram 
large radius are included for comparison. Generally, cracking 
of the large radius is of lesser importance, particularly if 
preceded by cracking of the small radius. The emergence of 
thermal cracks on the small radius influences the stress dis- 
tribution in the specimen. This can increase the cycle time 
to initiation of cracks on the large radius. 

Cycles to f' rst crack in Tables 8 and 9 are based on the 
mean between the last inspection period without a crack and the 
inspection period when a crack was first visible. For example, 
if no cracks were observed at 100 cycles but became visible at 
200 cycles, origination of the first crack is considered to be 
150 cycles. Accordingly, thermal fatigue data in Tables 8 and 
9 have an inlierent potential error varying from + 12 cycles 
to + 150 cycles for exposures less than 1000 cycles. The error 
is + 250 cycles for exposures above 1000 cycles, based on the 
inspection periods described previously. 

Fatigue data in Table 8 indicate that the lowest fatigue 
life was that of the v/v'-£ eutectic specimens. One specimen, 
of cellular v/v'-i? + overlay (01). did survive 7500 cycles with- 
out transverse cracks. The wide scatter for this material might 
have resulted’ from inherent structural defects in the specimen. 
Eutectic specimens, however, did develop severe longitudinal 
cracks, as will be discussed subsequently. The highest thermal 
fatigue resistance, >15,000 cycles, for Group 1 specimens was 
obtained for MM 200 DS single crystal, MM 200 DS bicrystal, 

MM 200 + Hf + overlay, and MM 200 + Hf DS. One of the three 
specimens of MM 200 + Hf DS (G5) , however, did develop a crack 
at 11,750 cycles. 

Data in Table 8 indicate thrt uncoated IN-738 had higher 
fatigue resistance (600 cycles) than IN-792 + Hf (250-600 cvcles') 
end MM 599 (250-A9C c}^cles) . Aluminide coatings decreased the 
fatigue resistance of IN-738 (150 cycles) and IN-792 + Hf (150- 
250 cycles) . Gonversely, the NiCrAlY overlay coating increased 
the cycles to first crack initiation for both coated IN-738 
(2,250-3,750 cycles) and IN-792 + Hf (2,750-4,750 cycles). How- 
ever, MM 200 + Hf DS + overlay (2,250-4,250 cycles) exhibited 
lower fatigue resistance than that of uncoated Mil 200 + Hf DS 
(11, 750->15,000 cycles). No reason for the higher thermal 
fatigue resistance of one specimen (Al) compared to the other 
samples (A2,A3) of MM 200 + Hf was apparent. 

Thermal cycles for first crack initiation for Group 2 speci- 
mens, summarized in Table 9, indicate limited fatigue resistance 
of uncoated V57, MM 002, Rene 77, Rene 125, and MM 246. All 
specimens of these alloys exhibited small radius cracks in 75- 
250 cycles. Data for the lamellar eutectic alloys indicate 
greater resistance to transverse cracking than that of the 
Group 1 cellular alloys. Some specimens of both coated and 
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uncoated v/y'“6 and y/y'-t (0.06C) survived 7500 cycles 
without small radius cracks. The 0.06C eutectic specimen 
appeared to be slightly more resistant than the unmodified 
lamellar eutectic. 

One specimen of fW 200 DS single crystal + overlay (Tl) 
exhibited a small radius crack at 6,250 cycles whereas the 
other sample survived 7500 cycles without cracking. Group 1 
specimens of MM 200 DS single crystal were exposed 15,000 
cycles without small -‘radius cracks. Thus, the behavior of 
this material correlated with data for Group 1 alloys MM 200 
+ Hf DS a».d MM 200 + Hf DS overlay. In both cases, over- 
lay specimens exhibited cracking in fewer cycles than the 
uncoated material. 

Ranking the uncoated alloys in terms of small-radius 
first crack initiation resulted in the following order of in- 
creasing fatigue resistance: Rene 77, V57. MM 002. Rene 125, 

MM 246, MM 509, HI-792 + Hf, MM 200 + Hf, and III-738, with 
no cracking of 200 DS. m 200 + Hf DS, and 200 DS single 
crystal. A similar ranking for coated alloys was: IN-733, 

(aluniride) . IN-792 + Ilf (al»jminide) , IN-733 (overlay), MM 200 
OS + Hf (overlay) , IN-792 + Hf (overlay) , MM 200 DS single 
crystal (overlay) , and IIM 200 + Kf (overlay) . Eutectic alloys 
cannot be included in rankings because of data scatter and 
longitudinal cracking. 

Table 10 contains optically measured crack lengths for 
the three longest cracks on each Group 1 specimen as a func- 
tion of accumulated cycles. Similar data for Group 2 speci- 
mens are contained in Table 11. Cr£.ck lengths shown are 
measured on both top and bottom surfaces and averaged to ob- 
tain the mean crack length. Each of the cracks is located 
from the bottom (numbered end) of the tost specimen. Also 
identified in these tables is the total number of observable 
cracks on both the small (0.635 mm) and large (1.016 nm) 
radius . 

Table 12 summarizes the longitudinal crack propagation 
from the end notches for Group 2 eutectic specimens through 
7500 cycles. Longitudinal cracks became measurable on all 
Group 2 eutectic specimens at 200 cycles. Table 12 includes 
data for both top and bottom (numbered end) surfaces of the 
specimen. Each data point consists of the average of meas- 
urements on both sides of the specimen. At 7500 cycles, 
longitudinal crack lengths varied from about 13 to 28 mm. 

Figures 7 and 8 show the as-received appearance of 
typical conventionally fabricated superalloy and eutectic 
alloys, respectively. As shown in Figure 8, the edges of 
Group 2 eutectic specimens were radiused at the ends to re- 
duce longitudinal cracking. Hone of the Group 1 ^itectic 
specimens or any ether alloy, had similar end preparation. 
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Figures 9 to 20 show the appearance of all 61 test speci- 
mens after thermal cycling. In all photographs, the small radius 
is at the right. Longitudinal cracking of the Group 1 eutectic 
samples is illustrated in Figure 15, and that of Group 2 
eutectic specimens in Figures 17 and 18. 

4. DISCUSSION 


Longitudinal cracking of eutectic specimens was apparently 
due to the inherent properties of the directionally solidified 
structure. These cracks initiated at relatively few thermal 
cycles and, in most cases, prior to transverse cracks on the 
small radius. Contouring the ends of the test specimen had 
little influence on transverse cracking. The existence 
of longitudinal cracks unquestionably altered the stress 
distribution in the specimen resulting in a lower stress in 
wedge areas during cycling. Thus, the initiation of transverse 
cracks in the small radius for eutectic specimens cannot be com- 
pared directly with the other alloys tested. In any case, the 
observed longitudinal cracking behavior of the eutectics in this 
program indicates a significant potential problem in application 
of these alloys. 

Comparison of crack initiation of aluminide and NiCrAlY 
coatings on IN-738 and IN-'92 + Hf indicates a possible infusion 
of coating ductility. The brittle aluminide coating developed 
transverse cracks significantly earlier than the parent metal 
and the more ductile NiCrAlY overlay coating. Thus, it appears 
that the aluminide coating, although providing similar oxidation 
protection, did reduce thermal fatigue resistance during cycling 
over the range 1088°/316°C. This, again, may be an important 
criterion in selection of coating systems for high-temperature 
cyclic operation. The relatively high weight losses for un- 
coated directionally solidified alloys indicate a well-defined 
need for protective coatings. 

5. SUI-IMARY OF RESULTS 

Thermal fatigue and oxidaLion data on the 61 test speci- 
mens of test Series 7 at 1088‘^/316°C indicate the following 
conclusions: 

1. The best oxidation resistance for the 15 un- 
coated alloys was obtained for MM 509, 0.327» 
weight loss in 7500 cycles. This weight loss 
was comparable to several of the coated speci- 
mens. Poorest oxidation resistance was ob- 
tained for V57, 6.67» weight loss in 2000 cycles. 

The remaining 13 discrete uncoated alloys, or 
fabrication techniques, had weight losses vary- 
ing from 1.0 to 7.0" in 7500 cycles. 
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2 . 


Directionally solidified y/y'“ 6 eutectic alloys 
exhibited weight losses of 2.4 to 5.3% in 7500 
cycles. 

3. Uncoated MM 200 + Hf and MM 200 + Hf DS had 
weight losses of 2.7-3. 3% in 7500 cycles, com- 
pared to 5.5-6. 3% for MM 200 DS single crystal 
and bicrystal. 

4. All pack aluminide, NiCrAlY and NiCrAlY/Pt 
coatings survived 7500 cycles with low weight 
losses of 0.07 to 0.34% and no apparent coating 
fai' .res. An exception was the single speci- 
men of NiCrAlY overlay coated cellular y/v'“ 6» 
whose loss was 0.8% in 7500 cycles. Metal loss 
due to longitudinal cracking may have contrib- 
uted to the higher weight loss for this, and 
other specimens. 

5. Highest resistance to thermal fatigue, 11,750 
to >15,000 cycles to first crack initiation, 
was obtained for directionally solidified alloys 
HM 200 DS bicrystal, !IM 200 + Kf + overlay, 

200 + Ilf DS, and ICl 200 DS single crystal. Dir- 
ectional solidification of Mil 200 + Hf increased 
the exposure to first visible crack fron 400- 
1750 cycles to 11,750->15,000 cycles. 

6. First crack initiation on the small radius oc- 
rurred for uncoated V57, MM 002, and Rend 77 in 
75-150 cycles; in 150-400 cycles for Rend 125, 

MM 246, and MM 509; and 250-600 cycles for IN- 
738, I.I-792 + Hf, and ICl 200 -f Hf. One speci- 
men of irT 200 + Hf survived 1750 cycles prior 
to first crack initiation. 

7. All DS eutectic so-'cl-iens initiated longitudinal 
cracks originating in the ruounting notches in 
100-200 cycles that propagated Juring continued 
cyclic exposure. These cracks reduced stresses 
affecting the initiation of transverse cracks. 

8. Because initiation of transverse cracking was 
affected by early longitudinal cracking, cellular 
y/y'-< 5 DS eutectic specimens indicated widely 
variable cycles to first transverse crack for 
uncoated (75-400) and for NiCrAlY overlay coated 
(75- >7500) specimens. This nay also have re- 
sulted from inherent defects in the material. 
Transverse small-radius cracks occurred in lamel- 
lar y/y'-S and y/y’-^. (0.06C) at 4750-6250 cycles, 
for both uncoated and MiCrAlY/Pt coated speci- 
mens. One specimen each of coated and uncoated 
y/y'-& (both 0.05C modified and unmodified) sur- 
vived 7500 cycles without small-radius cracks. 
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9. 


Alumlnlde coatings on IN-738 and IN- 792 + Hf 
decreased the exposure to first crack initia- 
tion to 150-250 cycles compared to 250-600 
cycles for the uncoated alloys and 2250-4750 
cycles for NiCrAlY overlay coated specimens. 
Overlay coating on MM 200 + Hf increased 
cycles to first crack initiation from 400- 
1750 to >13,500 cycles. 

10. Crack initiation for NiCrAlY/Pt overlay coated 
specimens indicated little influence on ther- 
mal fatigue resistance of DS eutectics, but 
the NiCrAlY coating did modify cracking be- 
havior of MM 200 + Hf and MM 200 single crys- 
tal. Uncoated MM 200 + Hf DS survived 15,000 
cycles without cracking as compared to 2250- 
4250 cycles for NiCrAlY overlay coated mate- 
rial. One NiCrAlY overlay coated specimen of 
MM 200 DS single crystal initiated a crack i.. 
6250 cycles, whereas all three uncoated speci- 
mens survived 15,000 cycles without cracking. 
Thus, the NiCrAlY overlay coating increased 
the fatigue resistance of conventionally cast 
IN-738, IN-792 + Hf, and MM 200 + Hf but de- 
creased the thermal fatigue resistance of MM 200 
+ Hf DS and MM 200 DS single crystal. 

11. High weight losses for directionally solidified 
MM 200, MM 200 + Hf, and the eutectic alloys 
demonstrated a need for protective coating dur- 
ing cyclic operation at 1088° C. All coated 
soecimens had low weight loss. 
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Table 1 


SUWURY OF ALLOY COMPOSITIONS 


Alloy CoBpoaltlon. w/o 


Alloy 

C 

SI 

Mn 

P _ 

s 

Nt 

Cr 

Co 

Fa 

A1 

T1 

Ho 

W 

Cb 

JSL 

B 

JJL. 

JL. 

Other 

V 57 

O.OA 

0.10 

0.12 

0.01 

O.OOA 

26. A 

1A.7 

— 

Bal 

0.2 

2.8 

1.5 

.. 

.. 


0.006 

V O.Al 

W1 509 

0.62 

<0.1 

<0.1 

— 

0.003 

10.0 

23. A 

Bal 

<0.1 

— 

0.2 

— 

7.0 


3.5 

<0.01 

0.5 

— 


IN- 792 Hf 

0.10 

<0.05 

0.01 

<0.01 

0.003 

Bal 

12.0 

9.1 

<0.1 

3.3 

A.l 

1.9 

3.8 


3.8 

0.013 

o.oa 

0.5 

Cu <0.05, Pb 1,0 ppn, 
B1 0.2 ppm 

IN- 738 

0.12 

0.01 

0.01 

<0.01 

O.OOl 

Bal 

16.2 

8.3 

O.IO 

3.5 

3.5 

1.7 

2.6 

0.6 

1.6 

0.013 

0.06 

— 

Pb <0.001, B1 <0.5 ppm 

MM 2A6 

0.15 

<0.1 

<0.1 

<0.1 

0.002 

Bal 

8.9 

10.9 

0.18 

5.3 

1.6 

2. A 

9.6 


1.6 

0.016 

0.06 

-- 

O.OBCu, Pb <2 ppm. 

Bi <0.3 ppm. As <5 ppm 

MM 002 

0.15 

0.06 

O.OA 

— 

0.001 

Bal 

9.2 

10.7 

o.to 

5.8 

l.A 

<0.1 

9.8 

— 

2.6 

0.02 

0.05 

l.A 

Cu <0.01 

Rene 77 

0.06 

<0.1 

<0.01 

-- 

O.OOA 

Bal 

1A.2 

15.5 

0. 10 

A. 2 

3.3 

A. A 

— 

-- 

— 

0.016 

<0.01 

— 

Pb <1 ppm, Bi 0.25 ppm 
Cu <0.01 

Re<w 125 

0.16 

0.08 

O.OA 

<0.01 

0.002 

Bal 

8.8 

10. A 

0.07 

A. 7 

2.6 

1. 7 

6.9 

0.08 

3.8 

0.02 

0.05 

1.6 

Cu 0.01, V O.Ol, 

Mg 0.008, Bi <0.3 ppm 

MM 200 + Hf 

0.16 

^0.20 

<0.20 

“ 

— 

Bal 

8.31 

10.63 

<0.35 

5.0A 

2.0A 

“ 

11.86 

1.00 


0.016 

0.10 

2.08 

Cu <0.01, Pb <l ppm 

m 200 + Hf OS 

0. 16 

<0.20 

<0.20 

— 

— 

Bal 

8.31 

10.63 

<0.35 

5.0A 

2.0A 

— 

11.86 

1.00 


0.016 

0.10 

2.08 

Cu <0.01, Pb <1 ppm, 
Bi <0.3 ppm 

MM 200 DS 
alngle cry;‘tal 

0.i5 

<0.10 

<0. 10 

— 

— 

Bal 

8.08 

9. 31 

<0.10 

A. 85 

1.88 

— 

12.76 

1.05 


0.018 

0,03 

— 

Cu <0.10, Pb <l ppm, 
Bi <0.3 ppm 

MM 200 DS hlcrystal 

0.15 

<0.10 

<0.10 

-- 

-- 

Bal 

8.08 

9.31 

<0.10 

A. 85 

1.88 

— 

12.76 

1.05 


0.018 

0.03 


Cu <0.10, Pb <1 ppm, 
Bi <0, 3 ppm 

Lanellar 

— 





Bal 

6.0 



2.5 




20.1 






Cellular 

— 





Bal 

6.0 



2.5 




20.1 






Lamellar y/y'-y* 

0.06 





Bal 

6.0 



2.5 




20.1 







(0.06C) 


’tioBlnal 




Table 2 

TENSILE PROPERTIES OF TEST MATERIALS AT 760“ C (1400“F) 


Tensile Properties^ 


Alloy 

Proportional T.lmlt 

Ultimate Tensile Strength 

Reduc - 
tlon of 
Area, % 

psl 

N/cm^ 

% of 
Nominal 

psl 

N/cm^ 

% of 
Nominal 

V 57 

71,500 

49 , 500 

102 

79,500 

55,000 

88 

15.0 

MM 509 

43,000 

29 .,500 

80 

90,000 

62,000 

105 

14.0 

IN-792 + Hf 

112,000 

77,000 

78 

152,000 

105,000 

93 

8.7 

IN-738 

102,000 

70,500 

89 

136,000 

94,000 

97 

13.1 

MM 246 

117,000 

80,500 

94 

149 , 000 

102,500 

99 

7.9 

MM 002 

117,500 

81,000 

98 

150.000 

103,500 

98 

12.1 

Rene 77 

114,000 

78,500 

114 

147,500 

101,500 

108 

13.0 

Rene 125 

129,500 

89,500 

95 

157,000 

108,000 

103 

7.5 

MM 200 + Hf 

121,500 

84,000 

100 

137,000 

94,500 

101 

11.9 

MM 200 + Hf DS 

124,000 

85,500 

93 

162,500 

112,000 

107 

12.3 

MM 200 DS 

116,000 

80,000 

97 

135,500 

93,500 

89 

13.6 

single crystal 








Lamellar y/y'“6^ 

143,000 

98,500 

. 

150,000 

103,500 


16.0 

Cellular y/y * -sb 

143,000 

98,500 

- 

150,000 

103,500 

- 

16.0 

Lamellar v/v * “6 + 0*06cb 

143,000 

98,500 

- 

150,000 

103,500 

- 

16.0 


Average of two tests. 
^Nominal . 



Table 3 


SUMMARY OF 982'*C (1800° F) CREEP-RUPTURE PROPERTIES 




Stress 

-Rupture Properties® 


Alloy 

psl 

N/cm^ 

Time to 
Rupture, 
hr 

7 , of Nom- 
inal Life® 

Reduc- 
tion of 
Area, 7» 

V 57 

MM 509 

15,000 

10,500 

132.2.150.6 

141.4 

22.2 

IN-792 + Hf 

22,100 

15,000 

107.5,111.5 

109.5 

14.1 

IN-738 

20,000 

14,000 

47.3, 58.7 

53.0 

31.5 

MM 246 

28,000 

19,500 

68.2, 76.4 

72.3 

14.9 

MM 002 

27,000 

18,500 

23.1, 48.2 

35.7 

6.3 

Rene 77 

18,000 

12 500 

39.3, 55.9 

47.6 

9.7 

Rene 125 

26,000 

18 000 

61.3, 82.3 

71.8 

19.7 

MM 200 + Hf 

27,000 

18,500 

35.5, 50.3 

42.9 

7.2 

MM 200 + Hf DS 

29,000 

20,000 

101.9,156.5 

129.2 

51.5 

MM 200 DS 

30,000 

20,500 

41.5, 61.9 

51.7 

60.0 

single crystal 

Lamellar v/y*“6^ 

40,000 

27,500 

-- 

-- 

14.0 

Cellular 

39,000 

27,000 

-- 

-- 

14.0 

Lamellar v/v'-6 + O.OBC^^ 

40,000 

27,500 



14.0 


Q 

Average of two tests. 
^Nominal 100 hr. 
^Nominal . 
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Table 4 

DIMENSIONS AND IDENTIFICATION OF TF.ST SPECIMENS 


Spec Imen 

Measured 

Initial 

Dimension, mn 

Total 

Final 

Dfmens ion. rnTr 

Identi- 

Alloy flcatlon 

Radius, no 
Small targe 

Length 

Width 

Thick- 

ness 

Test 

Cycles 

Length 

Width 

Thick- 

ness 

200 + Hf 

Al 

0.71 

1.04 

Croup 1 
102. v8 

31.19 

6.30 

7,500 

101.98 

30.98 

6.29 


A2 

0.71 

1.04 

101.68 

31.12 

6.28 

7,500 

101.66 

30.84 

6.28 


A3 

0.71 

1.07 

101.42 

31.12 

6.40 

7,500 

101.44 

30.85 

6.3' 

»« 200 + H| 
+ overlav® 

Bl 

0.89 

1.20 

102.46 

31.39 

6.63 

13,500 

102.29 

31.45 

6.63 

B2 

0.89 

1.32 

102.90 

31.29 

6.86 

15,000 

102.67 

31.34 

5.81 


B3 

0.86 

1.32 

102.51 

31.39 

6.79 

15,000 

102.41 

31.39 

6.79 

MM 200 Hf DS 

Cl 

0.86 

1.25 

102.46 

31.22 

6.51 

15,000 

102.24 

30.58 

6.35 


C2 

0.79 

1.22 

102.29 

31.67 

6.49 

15,000 

101.91 

30.58 

6.23 


C5 

0.78 

1.12 

103.00 

31.34 

6.40 

15.000 

102.74 

30.58 

6.27 

m 200 -*■ Hf OS 

02 

0.74 

1.09 

101.68 

31.04 

6.50 

7.500 

101.70 

31 .04 

6.53 

+ overlay* 

D3 

0.61 

0.86 

101.33 

31.04 

6.79 

7.500 

101.87 

31.12 

6.92 

D5 

0.64 

0.99 

101.65 

30.84 

6.52 

7,500 

101.34 

31.03 

6.54 

HH 200 DS 

El 

0.64 

0.79 

101.92 

30.38 

6.03 

15.000 

100.86 

29.67 

3.73 

single crystal 

E2 

0.51 

0.89 

101.68 

29.16 

5.61 

15,000 

101.17 

28.42 

5.33 

E3 

0.61 

0.74 

101.35 

29.77 

5.90 

15.000 

100.99 

29.06 

5.52 

IM 200 DS 

Fl 

0.69 

0,79 

96.27 

30.20 

6.30 

15,000 

95.71 

29.36 

5.91 

blcryscal 

F2 

0.61 

1.12 

97.49 

30.23 

6.19 

15 000 

97.49 

29.52 

5.87 

F5 

0.71 

1.27 

97.84 

30.30 

6.32 

15.000 

97.36 

29.52 

6 01 

IN-792 + Hf 

G2 

0.66 

1.07 

101.40 

31.14 

6.21 

7,500 

101.24 

31.14 

6.45 


G3 

0.66 

1.04 

101.35 

31.19 

6.22 

7,500 

101.38 

30.91 

6.06 

IN-792 + Hf . 

H2 

0.71 

1.09 

101.50 

31.14 

6.23 

7,500 

101.87 

31.22 

6.22 

-f A1 coated° 

H3 

0.74 

1.07 

101.73 

31.29 

6.27 

7,500 

101.82 

31.34 

6.28 

IN-792 + Hf 
+ overlay 

11 

0.71 

0.84 

101.60 

30.96 

6.50 

7,500 

101.55 

30.96 

6.51 

13 

0.74 

0.99 

101.88 

30.96 

6.49 

7.500 

101.91 

31.14 

6.45 

lN-738 

J2 

0.61 

1.12 

101.96 

31.14 

6.06 

2,500 

101.85 

30.86 

5.91 


J4 

0.61 

1.04 

102.34 

31.32 

6.18 

7,500 

101.93 

30.92 


IN-738 . 

K2 

0.71 

1.09 

101.78 

31.39 

6.22 

6,000 

101 -8 

31.23 

6.32 

+ Al coated” 

K5 

0.71 

1.09 

101.50 

31.19 

6.42 

5,500 

101.47 

31.22 

6' . 4 1 

IN- 738 

U 

0.71 

0.94 

101.78 

30.94 

6.45 

7,50'- 

101.44 

31.05 

h , 4*1 

+ overlay 

L3 

0.66 

0.94 

101.93 

31.14 

6.26 

7,5',0 

101.60 

31.73 

6.2 5 

MM 509 

Ml 

0.64 

1-07 

102.03 

31.70 

6.32 

7,500 

102.01 

31.00 

-.33 


M2 

0.61 

1.07 

101.78 

31.70 

6.34 

7,500 

101.91 

31 . ftO 

^ . 31 

v/v'-' eutectic 

N1 

0.69 

1.24 

101.73 

31.78 

6.42 

7,500 

101.70 

31.36 

6.43 

DS (cellular) 

N2 

0.69 

1.12 

101.75 

31.68 

6.42 

100 

101.75 

31.68 

6.42 

v/v'-' eutectic 

01 

0.76 

1.12 

101.63 

32.13 

6.67 

7,500 

101.71 

32.8’ 

6.68 

DS (cellular) 

02 

0.71 

1.09 

101.68 

32.15 

6.66 

100 

101.68 

32. 15 

6.66 

+ overlay* 

v/v'-> eutectic 

PI 

0.46 

0.76 

Group 2 
101.60 

30.81 

6.26 

7,500 

101.50 

31.55 

32 

DS (lamellar) 

P2 

0.43 

0.97 

101.65 

31.00 

6.40 

7.500 

101.53 

31.70 

6 - 

v/v’-: eutectic 

Q1 

0.56 

0.97 

100.94 

30.81 

6.46 

7.500 

100 94 

31 . 88 

. 4h 

OS (lamellar', + 

Q2 

0.38 

0.74 

101.52 

30.71 

6.46 

7,500 

101.50 

31.67 


NlCrAlY/Pt overlay*- 

v/v'-* eutectic (0.06C) 

Rl 

0.51 

0.86 

101.70 

31.65 

6.39 

7.500 

101.65 

31.34 

6.51 

DS (lamellar) 

R2 

0.43 

0.74 

101.90 

32.11 

6.43 

7.500 

101.04 

31.85 

. s:* 

v/v'-’ eutectic (0.06C) 

SI 

0.46 

1 .02 

101.42 

31.65 

6.47 

7,500 

101.46 

31 .50 

, 4(j 

DS (lamellar) + 

S2 

0.53 

0.94 

101.61 

31.37 

6 . 46 

7,500 

101.70 

31.55 

“ .4:’ 

NlCrAlY/Pt overlay'- 

MM 200 DS single 

T1 

0.41 

0.94 

101.75 

29.16 

6.51 

7.500 

101.65 

31.65 

6.51 

crystal + overlay 

T2 

0.61 

1.19 

101.49 

29.64 

6.95 

7.500 

101.50 

32.16 

5.46 

V 57 

VI 

0.71 

0.86 

98.53 

30.81 

6.18 

2,000 

96.77 

31.24 

*'.70 


V2 

0.71 

0.86 

98.53 

30.81 

6.14 

2,000 

96.98 

31.04 

6.12 


V5 

0.69 

C.86 

98.50 

30.73 

6.18 

2.000 

97.26 

31.04 

h . 0 1 

MM 002 

W1 

0.76 

0.86 

98.37 

30.71 

6.09 

7,500 

98.37 

30.53 

6.14 


W2 

0.7*- 

0.86 

98.43 

30.73 

6.18 

7,500 

98.43 

30.71 

6.21 


W3 

0.61 

0.91 

98.40 

30.68 

6.14 

7,500 

98.43 

30.48 

<5 . Q 

MM 246 

XI 

0.71 

0.86 

98.30 

38.81 

6.15 

7,500 

98.22 

30.48 

6.10 


X2 

0.71 

0.84 

98.37 

30.71 

6.05 

7.500 

98.20 

30.43 

. 04 


X5 

0.64 

0.84 

98.07 

30.71 

6.09 

7,500 

97.94 

30.4^ 

h . 

Rene 77 

Y1 

0.66 

0.84 

98.37 

30.76 

5.69 

7,500 

98.15 

10. 

6.12 


Y2 

0.66 

0.91 

Oft. 45 

30.76 

5.61 

7,500 

9ft. 1 2 

30.48 



Y4 

0.74 

0.89 

98.40 

30.71 

5 .64 

7.500 

98.15 

30.46 

6.11 

Rene 125 

7.1 

0.69 

0.84 

98.35 

30.86 

6.16 

7,500 

98.17 

30.56 

, 0 ^ 


23 

0.60 

0.84 

98.42 

30.78 

6.13 

7,500 

98.25 

30.4'. 

^ . oo 


Z6 

0.61 

0.91 

98.35 

30.91 

6.14 

7,500 

«8.25 

30.5 8 

6.01 


*NlCrAlY overlay coatings applied by specification PWA 267. 

**Pack alumlnlde coatings (JoCoat) applied by specification PWA 273. 


’^NiCrAlY/Pt overlay coatings applied bv specification PWA 267 + Pt . 




T«bU ) 

WEIGHT CHANGE DATA FOR GROUP I SPECIMENS 


Saniple Starting W«l;»ht ChAnc* «t Olvtn Cycles,^ 

— ’ 5 ’ 


Material 

f lea t Ion 

X 

100 

200 

300 

500 

700 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

5000 

5500 

6000 

6500 

7000 

7500 

>« 200 + Hf 

Al 

136.1791 

.018 

.032 

.038 

041 

.041 

.042 

.026 

- 0.08 

- 0.24 

- 0.31 

- 0.59 

- 0.76 

- 0.97 

-l.io 

- 1.52 

- 2.30 

- 2.30 

- 2.62 

- 2.79 


A 2 

125.6270 

.010 

.019 

.024 

.029 

.029 

.028 

.022 

• 0.05 

- 0.22 

- 0 . 30 

- 0.41 

- 0.53 

- 0.57 

- 0.89 

- 1.14 

- 1.79 

-1 .93 

- 2.09 

- 2.28 


A 3 

126.6466 

.017 

.029 

.034 

.033 

.026 

.019 

.001 

- 0.05 

- 0.31 

- 0.41 

- 0.90 

- 1.02 

• 1 .06 

- 1.65 

• 1.86 

- 2,04 

- 2.30 

• 2. 88 

- 3.15 

200 + Hf + overlav 

HI 

1 14 . 7 7 1 1 

.006 

.003 

.004 

.008 

.007 

.004 

002 

- O.Ol 

- 0.02 

- 0.04 

• 0.05 

- 0.07 

- 0.08 

- 0.09 

- 0.11 

- 0.13 

- 0.14 

- 0.16 

- 0.17 


B 2 

I 17.6995 

.003 

.004 

.006 

.011 

,009 

.007 

.004 

0 

- 0.01 

- 0.01 

- 0.01 

- 0.04 

- 0.06 

- 0.07 

- 0,08 

- 0.11 

- 0. 12 

- 0,14 

- 0, 15 


B 5 

1 17.0164 

.001 

,004 

.006 

.007 

.005 

.003 

.001 

.0 

- 0.02 

- 0.03 

- 0.06 

- 0.06 

- 0 . 0 / 

- 0.08 

- 0.09 

• 0.11 

- 0, 12 

- 0.15 

- 0.17 

tfi 200 Hf OS 

ri 

130.9854 

.005 

.015 

.022 

032 

.034 

.030 

.002 

- 0.24 

- 0.41 

- 0.60 

- l.Ol 

• 1.29 

- 1.35 

- 1.76 

- 2.20 

- 2.70 

- 2.80 

- 3.22 

- 3.38 


VI 

I 10. 5129 

.010 

.019 

.024 

.011 

.016 

.013 

.019 

- 0.23 

- 0.41 

- 0.64 

- 0.97 

• 1.21 

- 1.69 

- 2.02 

- 2.35 

- 2.64 

- 2.77 

- 3.10 

- 3 . 30 


( 5 

129.7829 

.009 

.029 

.013 

.048 

.049 

.050 

.01 

- 0.14 

- 0.61 

• 0.74 

- 1.43 

- 1 .63 

- 1,67 

- 2.00 

- 2.38 

- 2.56 

- 3.41 

- 3.63 

- 3.87 

200 + Hf !)S + kiverlav 

I>2 

128.6899 

.002 

.005 

.003 

,012 

.Oil 

,009 

.005 

0 

0 

- 0.01 

- 0.02 

- 0.03 

- 0.04 

• 0.05 

- 0.06 

- 0.09 

- 0 . 10 

- 0.12 

-O.T 


1)3 

1 10.5038 

.001 

.006 

,006 

.011 

.007 

.004 

.001 

0 

- 0.02 

- 0.03 

- 0.05 

- 0.06 

- 0.07 

- 0.08 

- 0.09 

- 0.10 

- 0.11 

- 0.13 

- 0.15 


03 

128.1565 

.001 

.006 

,009 

.010 

.010 

.007 

.003 

0 

- 0.02 

- 0.02 

- 0.05 

- 0.06 

- 0.07 

- 0.09 

- o.os 

- O.ll 

- 0.13 

- 0.16 

- 0 . 19 

MM 200 l)S single .rvstdl 

K1 

1 U.668 1 

.024 

.012 

.042 

.049 


37 

-.Oil 

- 0.87 

- 1.24 

- 1.66 

- 2.21 

- 7.70 

- 3.03 

- 1.23 

- 3.89 

- 4.40 

-4 ;o 

- 5.20 

- 5.32 

K2 

10 1.5 128 

.02 ) 

.028 

.044 

.059 

’ • ’) 

M/-S 

-.050 

- 0.36 

- 1 .45 

- 1.57 

-?. 4 l 

-7 . 98 

- 3.07 

- 3.49 

- 3.76 

- 4.31 

-5.00 

- 5.31 

- 5.49 


}■ 1 

1 U). 1965 

.012 

.Oil 

.040 

.050 

,056 

.061 

-.006 

- 0.40 

• 1.32 

- 1.47 

- 2.41 

- 2.91 

- 3.02 

- 3.58 

- 3.82 

- 4.29 

- 4 . 

- 5.32 

-5 56 

MM 200 ns f^lirvstal 

K1 

11 '..924 1 

.oil 

.022 

.035 

.023 


.029 

-.052 

- 1.20 

- 1.73 

- 2.24 

- 2.82 

- 3.56 

- 3.68 

- 4.29 

• 5.27 

- 5.90 

-6 20 

- 6. 84 

- 7.00 


K 2 

11 ” 2061 

.019 

.028 

.039 

.049 

.059 

.069 

-.035 

- 0.64 

- 1.50 

- 1.84 

• 2.84 

- 3.28 

- 1.34 

- 4.24 

- 4.66 

- 5.03 

- 5.20 

- 5.76 

- 5.83 


F 3 

1 I -. 4272 

.015 

.0>4 

.017 

.051 

.051 

. 05 ’ 

-.043 

- 0.36 

- 1.33 

- 1.51 

- 2.29 

- 2.89 

~l 96 

- 3.66 

- 4.16 

- 4.56 

- 4.70 

- 5.42 

- 5.97 

IN - 7^*2 + Hf 

..2 

120.2165 

.015 

.055 

.06 1 

.073 

037 

.033 

-.014 

- 0.62 

- 2.07 

■ 2.44 

- 2.84 

- 3,24 

- 3.93 

- 4.12 

- 4 . 5 i 

- 5.25 

- 5.59 

- 5.93 

- 6.14 


(. \ 

120. 1245 

.021 

. 044 

.052 

.069 

.067 

.065 

-.027 

- 0.29 

- 0.99 

- 1.37 

- 2.?1 

- 2.60 

- 3.33 

- 3.55 

- 3.95 

- 4 . 44 

- 4.71 

- 5.29 

• 5.44 

lN-792 + I .-- * , .,,,f 

VI 

1 14 . 774 .’ 

.004 

.015 

.018 

.021 

.Oil 

.004 

-.009 

- 0.03 

• 0.06 

- 0.08 

- 0.12 

- 0.14 

- 0 . 16 

- O.lfl 

- 0.20 

- 0.22 

-0 24 

• 0.26 

- 0.28 


1' ) 

120.550H 

. )10 

.015 

.018 

.023 

.021 

.018 

.007 

0 

- 0.03 

- 0.04 

- 0.06 

- 0.08 

• 0.09 

- 0. 11 

- 0.13 

- 0.14 

- 0.17 

- 0 . 18 

- 0 . 

IN - 792 f ‘ ' wvr l . r . 

[ 1 

124 2444 

.002 

.005 

,007 

.012 

01 ) 

.010 

.004 

- 0.01 

- 0.04 

- 0.06 

- 0.08 

- 0. 10 

- 0.17 

- 0.14 

- 0.16 

- 0.18 

- 0.21 

- 0.24 

- 0.25 


I ^ 

12 1. 10 15 

.004 

.006 

.014 

.015 

.010 

.005 

-.002 

- 0,02 

- 0.05 

- 0.07 

- 0.10 

- 0. 11 

- 0.1 3 

- 0 . 16 

- 0.1 7 

- 0.21 

- 0.2 3 

- 0.26 

- 0.28 

IN - 7 18 

)2 

1 16. 1581 

.022 

.046 

.05 1 

.069 

.073 

.070 

.024 

- 0 . 38 

- 1.39 

- 1.55 

- 2.12 

- 2.78 

- 3.32 

- 3.66 

- 4.03 

- 4.77 

- 5.01 

- 5 . 30 

- 5.61 


\U 

1 16.4591 

.02 1 

.04 1 

.050 

.059 

.065 

.060 

.033 

- 0.26 

- 1.04 

- 1.27 

- 2.08 

- 2.92 

- 3 . 3 ? 

- 3.48 

- 3.94 

- 4 . 5 '. 

- 4 . 86 

-5 24 

- 5 . 52 

IN-7i8 + \l . o.it 

K.' 

1 1 7.450H 

.01 1 

015 

.01 7 

.025 

.025 

.020 

.010 

- 0.02 

- 0.05 

- 0.07 

- 0.08 

- 0.09 

- 0.12 

• 0 . 14 

- 0.17 

-0 18 





KS ^ 

UH.6H\ 1 

. 0 '. » 

.OlH 

.026 

.034 

.028 

.023 

.004 

- 0.03 

- 0.08 

- 0.11 

- 0.13 

- 0.17 

- 0.19 

- 0.22 

- 0.24 

- 

- 

- 


IN -718 4 - kiverlav 

1 1 

1 20, 5007 

. 1)0 1 

. 004 

.008 

.011 

.007 

.003 

-.008 

- 0.02 

- 0,07 

- 0.08 

- 0. 10 

- 0.13 

- 0.15 

- 0.18 

- 0.21 

- 0.25 

- 0.27 

- 0.29 

- 0 , 31 


1 1 

114.06 16 

,002 

.008 

.009 

.009 

.006 

.001 

-.010 

- 0.02 

• 0.06 

- 0.08 

- 0.11 

- 0.14 

- 0.16 

- 0.19 

- 0.71 

-0 2 ' 

- 0.29 

- 0.32 

- n .34 

MM 504 

Ml 

1 10 . 180 1 

.014 

.02 1 

.0 14 

.038 

.042 

.035 

.024 

0 

- 0.01 

- 0.04 

- 0.06 

- 0.08 

- 0 . U 

- 0.15 

15 

-'^.21 

-0 23 

- 0.28 

- 0.29 


M2 

1 24. 2 594 

.01 1 

.01 1 

.oil 

.01 3 

.004 

- .006 

-.019 

- 0.04 

- 0.06 

- 0.09 

- 0.12 

- 0. 16 

- 0 . 

- 0.21 

- 0.23 

-0 24 

- 0.29 

- 0.34 

-0 34 

* - entfc t Ic 

Ml 

128 . 74 .,’ 

.0 38 

.088 

. 108 

.096 

-.005 

-.070 

-.184 

- 0.44 

- 1. 11 

- 1.46 

- 2.49 

- 2.72 

- 2.87 

- 3,41 

- 3.61 

- 3.97 

-4 34 

- 4.08 

- 5.26 

( 1 el lu 1 .1 r » 

N 2 ‘' 

12 H .29 16 

046 

- 

- 

■ 

- 

- 

- 

- 

• 

- 

- 

- 

- 

- 

- 

- 

- 

- 


' ' - evitei. C U u < 1 1 1 ! j - 1 

"'.1 

1 32.5654 

01 3 

.026 

. 05 ? 

.045 

018 

.001 

-.027 

- 0.07 

- 0.16 

- 0.20 

- 0.27 

- 0.14 

- 0. 39 

- 0.46 

- 0,49 

- 0.56 

• 0 . 64 

- 0.70 

- 0 . 79 

» oVLTla/ 

02 

1 12 . 0 H 0 H 

01 1 

• 

- 

- 

- 

- 

- 

- 

- 

• 

- 

- 

- 

- 

- 

- 

- 

- 

- 


‘'am chc»nk»*‘s ,ir»* positive except --/here nnte«l. 


^Romove'I 

fn»m 

test 

after 

2500 

cv< les ; 

replaced at 4*i00 (.vtles. 


' Refnove«l 

f rorp 

test 

a ftor 

3000 

t'V4 1 es ; 

rep 1 a*, ed at 4 500 4 vi 1 «*s . 


‘^Remove^l 

f n’ff' 

t est 

.ifter 

100 4 

Vt les . 






TabU 6 

VEICHT CHANCE DATA FDR CROUP 2 SPECIheNS 


Hatcrial 

Sample 
r lent l- 
f teat Ion 

Start Ing 
Weight, 
A 

100 

200 

100 

500 

700 

1000 

1500 

Weight Change at Given Cycles,^ “ 
2000 2500 1000 I'M 4000 

-nUB- 

"1000 KUO 

6000 

4506 ' 

Tooo 

7550' 

lafDcllar / *-• esjtectlc 

PI 

12S.S2SI 

.044 

,067 

.086 

.096 

.085 

.071 

-.049 

-.24 

-.75 

-.89 

-1.40 

-1.41 

• 1,91 

-1 .99 

-2,19 

-2. ‘>9 

-2.91 

-3.12 

-3.25 


P2 

127.SIS2 

.041 

.062 

.081 

.089 

.082 

.055 

-.108 

-.26 

-.64 

-.80 

•1.11 

-1.17 

-1.90 

• 1.96 

-2.26 

-2.16 

-2.54 

-2.73 

-3.06 

I aOMil lar ei:teot li ♦ 

qi 

12<».U04 

.001 

.009 

.010 

.Oil 

on 

.010 

.016 

.011 

-.009 

-.013 

-.013 

-.022 

-.038 

-.041 

■ . a<«6 

-.059 

-.086 

-.114 

-.178 

MI(rAlY/PC coat 

0‘ 

12H.221S 

006 

.012 

.014 

.014 

.015 

.on 

')14 

.011 

-.001 

-.012 

-.020 

♦ o;s 

-.061 

• 16: 

-.06 7 

-.086 

-.091 

- 

-.140 

t.am«llar - ^ '-A «nitoct(c 

Rl 

12S.4724 

.014 

.049 

.069 

,078 

.079 

.075 

-.028 

-.19 

-.71 

-.80 

•l.Ol 

•1 .06 

• 1.78 

-1.80 

-2.05 

• 2.1) 

-2.47 

• 2.53 

-2.60 

to. 060 

R2 

1 10. ?767 

.011 

.046 

.072 

.078 

.075 

.066 

-.096 

-.22 

-.52 

-.65 

-.97 

•1.05 

-1.74 

-1.78 

-2.00 

-7.06 

-2.17 

-2.72 

-2.35 

Lamellar / eiiCectlc 

SI 

’?S.202« 

.005 

010 

Oil 

.014 

014 

.Oil 

.018 

.015 

.009 

-.012 

-.016 

-.024 

-.045 

-.067 

-.069 

-.077 

-.094 

-.126 

-.133 

r0.060-*-NC<’rAlY/rc coat 


12<». I9SS 

.002 

.00 7 

008 

.010 

• Oil 

.008 

010 

.005 

,001 

-.023 

-.026 

-.029 

-.066 

-.080 

- 981 

-.095 

-.110 

-.124 

-.142 

*fl 200 DS ♦ single crvatal 

Tl 

116.67 10 

.005 

.Oil 

.009 

.oil 

.014 

.012 

.016 

.019 

.019 

.011 

.007 

-.001 

-.029 

-.012 

-.014 

-.039 

-.049 

-.067 

-.069 

♦ overlay 

■’■2 

112.1022 

.001 

.009 

.009 

.on 

.Oil 

.012 

.015 

.011 

.014 

.002 

.001 

-.007 

-.022 

-.029 

-.014 

-.037 

-.04) 

-.051 

-.064 

V ^7 

VI 

109.0A92 

-.16 

-.41 

-.69 

•1.27 

•1.90 

-2.35 

-4.18 

-6.75 

b 












VI 

10«.6^7« 

-.14 

-.45 

-.77 

•1.15 

•1.92 

-2.45 

-4 28 

-6.59 

b 












VS 

loa 1022 

-.21 

-.42 

-.61 

-1.09 

-1.71 

-2.11 

-1.88 

-6.46 

h 











00? 

Wl 

115.1252 

.018 

.026 

,028 

.010 

.011 

.010 

.014 

.044 

-.011 

-.087 

-.14 

-.27 

-.65 

-.70 

-.91 

- >6 

-1.71 

-1 .H2 

-1.89 


W2 

116.5211 

.017 

.0^6 

.027 

.oil 

.011 

.027 

.016 

.016 

-.021 

-.081 

-.12 

-.19 

-.50 

-.51 

-.71 

-.81 

-.87 

-.90 

-1.01 


Wl 

115.6155 

.015 

.021 

.027 

.029 

.010 

.029 

Oil 

.019 

-.095 

-.157 

-.21 

-.16 

-.82 

-.85 

-.94 

-1 .06 

-1.10 

-1.15 

-1.21 

MM lUh 

XI 

U5. 7291 

.042 

.016 

.017 

-.054 

-.155 

-.208 

-.526 

-.71 

-1.27 

-1.57 

-1.85 

-1.99 

-2.94 

-1,00 

-1.67 

-1.81 

-4. 19 

•4.47 

-4.50 


X2 

n 1.860(1 

.Oil 

.020 

.022 

022 

.018 

.016 

-.019 

-.11 

-.11 

-.59 

-.74 

-.97 

-1.71 

-1.78 

-2.19 

-2.20 

-2.46 

-?.5l 

-1.46 


xs 

U1.2826 

.015 

.024 

,010 

.010 

.027 

.018 

-.025 

-.19 

-.54 

-.90 

-i.n 

-1.17 

-2.28 

-2.11 

-3.10 

-1.11 

-1.94 

-4.01 

-4.10 

Bene ' ’ 

Yl 

110.9572 

.045 

.068 

.071 

.077 

.09 7 

.084 

-.719 

-1.59 

-2.49 

•1.07 

-1.38 

'J.98 

-5.0> 

•5.04 

-5.55 

-5.55 

-6.40 

-6.4 7 

•6. 70 


Y2 

109.4651 

.045 

.062 

.070 

.082 

.089 

.067 

-.615 

-1.52 

-2.61 

• 1.47 

-1.67 

-■».87 

5,21 

-5.21 

-6.03 

-6.12 

-6.26 

-7.09 

-7.43 



110.7196 

.045 

.064 

.077 

.087 

.089 

058 

-.825 

-1.91 

-2.88 

•1.67 

-1.94 

•4.57 

•5.57 

-5.58 

•6.74 

-6.24 

•6. 16 

-6.53 

-6.93 

Rene \2S 

n 

116.8762 

.032 

.045 

.051 

.061 

.062 

057 

-.182 

-.51 

-1.34 

-1.89 

-2.56 

•2.46 

-1.94 

-1.55 

-4.01 

-4.06 

-4. 77 

-4.87 

-‘^.99 


-f 1 

116.86 19 

.011 

.049 

.057 

.070 

.069 

.056 

-.227 

-.80 

-1.79 

-2.19 

-2.28 

-2. 7b 

-1.97 

-1.94 

-4.28 

-4.52 

-4.9 7 

-5.04 

-5.19 


''A 

116. 1775 

Oil 

.048 

.056 

.061 

.061 

.061 

- 106 

-.60 

• 1.61 

-1.99 

•2.26 

• 2.43 

-1.68 

-1.65 

-1.99 

•4.05 

-4.51 

-4.59 

-4.68 


'mi I vSu) positive i-<tent w ere note«l 

b, 


flerxvc-i from 


est 2001) i-vi-le 




ro 

o 


Table 7 

WEIGHT CHANGE DATA FOR GROUP 1 SPECIMENS CONTINUED EXPOSURE 



Sample 

laenti- 

Starting 

Weight, 

g 



Weight 

Change at 

Given Cycles,® 

% 


Material 

flcation 

8000 

8500 

9000 

9500 

pumuHl 



11.500 

MM 200 + Hf 

Bl 

134.7711 

-0.21 

-0.21 

-0.22 

-0.23 

-0.29 

-0.30 

-0.30 

-0.31 

+ overlay 

B2 

137.6995 

-0.19 

-0.20 

-0.21 

-0.25 

-3.27 

-0.30 

-0.31 

-0.32 

B5 

137.0364 

-0.20 

-0.21 

-0.24 

-0.26 

-0.29 

-0.31 

-0.33 

-0.35 

MM 200 + Hf DS 

Cl 

130.9854 

-4.16 

-4.28 

-4.59 

-4.85 

-5.39 

-5.47 

-5.75 

-5.76 


C2 

130.5329 

-3.95 

-4.04 

-4.49 

-4.72 

-5.54 

-5.62 

-5.80 

-5.92 


C5 

129.7829 

-4.57 

-4.71 

-5.25 

-5.62 

-6.00 

-6.15 

-6.25 

-6.31 

MM 200 DS 

El 

114.6683 

-6.14 

-6.33 

-7.04 

-7.35 

-7.94 

-8.00 

-8.12 

-8.23 

single crystal 

E2 

103.5326 

-6.38 

-6.53 

-7.10 

-7.57 

-8.20 

-8.24 

-8.35 

-8.34 

E3 

110.1965 

-6.35 

-6.62 

-7.22 

-7.40 

-8.25 

-8.30 

-8.45 

-8.57 

MM 200 DS 

FI 

114.9243 

-7.85 

-8.02 

-8.76 

-8.91 

-9.75 

-9.78 

-9.97 

-10.03 

bicrystal 

F2 

116.2061 

-6.71 

-6.86 

-7.60 

-7.7'» 

-8.59 

-8.62 

-8 . 66 

-8.70 

F5 

116.9271 

-6.39 

-6.53 

-7.36 

-7 9 

-8.40 

-8.42 

-8.47 

-8.57 


Sample 

Tdenti- 

Starting 
Weight , 
g 


Weight Change at Given Cycles,^ % 



Material 

flcation 

12.000 

12.500 

13,000 

13,500 

14,000 

14.500 

15,000 


MM 200 + Hf 

Bl 

134.7711 

-0.35 

-0.38 

-0.40 






+ overlay 

B2 

137.6995 

-0.35 

-0.36 

-0.37 

-0.38 

-0.40 

-0.43 

-0.45 


B5 

137.0364 

-0.42 

-0.42 

-0.42 

-0.43 

-0.46 

-0.49 

-0.52 


MM 200 + Hf DS 

Cl 

130.9854 

-6.21 

-6.31 

-6.61 

-6.67 

-6.67 

-6.96 

-7.02 



C2 

130.5329 

-7.01 

-7.01 

-6.98 

-7.00 

-7.33 

-7.45 

-7.84 



C5 

129.7829 

-6.93 

-7.03 

-7.27 

-7.40 

-7.55 

-7.76 

-7.80 


MM 200 DS 

El 

114.6683 

-8.87 

-9.11 

-9.57 

-9.60 

-9.86 

-9.88 

-9.91 


single crystal 

E2 

103.5326 

-9.02 

-9.24 

-9.67 

-9.67 

-9.85 

-10.06 

-10.09 


E3 

110.1965 

-9.38 

-9.61 

-9.72 

-9.72 

-9.99 

-10 35 

-10.38 


MM 200 DS 

FI 

114,9243 

-11.02 

-11.13 

-11.70 

-11.73 

-11.94 

-11.96 

-12.12 


bicrystal 

F2 

116.2061 

-9.55 

-9.65 

-10.12 

-10.31 

-10.61 

-10.70 

-10.74 


F5 

116.9271 

-9.37 

-10.01 

-10.26 

-10.32 

-10.37 

-10.87 

-11.03 



^All weight changes are positive except where noted. 





Table 8 


ACCUMULATED THERMAL CYCLES TO FIRST CRi^CX INITIATION 
FOR GROUP 1 SPECIMENS 


Alloy 

Condition 

y/v'-6 eutectic 

DS (cellular) 

y/y'” 6 eutectic 

DS (cellular) 
+ overlay^ 

IN- ■'38 

Al coated^ 

IN-792 + Hf 
MM 509 
IN-792 + Hf 
MM 200 + Hf 

A1 coated^ 

CN-738 

IN-738 

Overlay coated 

MM 200 + Hf 

DS + overlay^ 

IN-792 + Hf 

Ovex'.ay coated^ 

MM 200 

DS bicrystal 

MM 200+ Hf 

Overlay coated^ 

MM 200 + Hf 

DS 

MM 200 

DS single cryst£ 


Cycles to First Crack 



Small 

Large 

Specimen 

Radius 

Radius 

Identi- 

0.625 mm 

1.016 mm 

fication 

(0.025 in.) 

(0.040 in 

N2 

75 

12^ 

N1 

400 

150 

02 

75 

a 

01 

>7,500 

>7,500 

K2 

150 

>7,500 

K5 

150 

>7,500 

H3 

150 

400 

H2 

250 

>7,500 

Ml 

250 

400 

M2 

400 

400 

G2 

250 

850 

G3 

600 

1,750 

A2 

400 

4,750 

A3 

400 

1,750 

Al 

1,750 

2,250 

J2 

600 

1,750 

J4 

600 

2,250 

L3 

2,250 

7,250 

Ll 

3,750 

>7,500 

D2 

2,250 

>7,500 

D5 

2,250 

7,250 

D3 

4,250 

4,250 

13 

4 750 

1,750 

11 

1 , / 0 

2,250 

F2 

>15, viioO 

11,750 

Fi 

>14, 750 

14,750 

F5 

>15,000 

>15,000 

R1 

>13,5C0 

>13,300 

B2 

>15,000 

>15,000 

B5 

>15,000 

>15,000 

C5 

11,750 

14,750 

Cl 

>15,000 

>15,000 

C2 

>15,000 

>15,000 

El 

>15,000 

>15,000 

E2 

>15,000 

>15,000 

E2 

>15,000 

>15,000 


^Removed at 100 cycles for NASA examination. 

NiCrAlY overlay coating. 

^Pack aluminide coating (JoCoat). 
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Table 9 


ACOMJLATED THERMAL CYCLES TO FIRST CRACK INITIATION 

FOR GROUP 2 SPECIMENS 


Cycles to First Crack 


Alloy 

Condition 

Specimen 

Identi- 

fication 

Small 
Radius 
0.635 mm 
(0.025 in.) 

Large 
Radius 
1.016 ran 
(0.040 in. 

Ren6 77 


Y1 

75 

150 



Y2 

75 

75 



Y4 

75 

150 

V57 


Vl 

75 

250 



VI 

150 

250 



V5 

75 

150 

tfif 002 


Wl 

75 

400 



W2 

75 

150 



W3 

150 

150 

Rene 125 


Z2 

150 

2,250 



Z3 

150 

1,250 



Z6 

150 

1,750 

MM 246 


XI 

250 

2,750 



X2 

150 

400 



X3 

150 

400 

v/ V* “6 

DS eutectic 

Ql 

4,750 

>7,500 


(lamellar) + 

Q2 

>7,500 

>7,500 


NiCrAlY/Pt coating 




y/y' ”6 

DS eutectic 

P2 

6,250 

>7,500 


(lamellar) 

PI 

>7,500 

7,250 

y/y ' 

DS eutectic (0.06C) 

R2 

6,250 

>7,500 


(lamellar) 

R1 

>7,500 

>7,500 

y/y ' “6 

DS eutectic (0.06C) 

SI 

6,250 

>7,500 


(lamellar) + 

S2 

>7,500 

>7,500 


NiCrAlY/Pt coating 




MM 200 

DS single crystal + 

T1 

6,250 

>7,500 


overlay^ 

T2 

>7,500 

>7,500 


®IiiCrAlY/Pt overlay coating. 
^NiCrAlY overlay coating. 
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Tabic 10 


Sir 'WRY OK CK.\CK PROPACATfON H>K GROUP 1 




si’ixnn-NS 








Crack 

l.••nEt.h, 

in. 






1st Cr.ick 

2n4 Cr.-ick 

3rd Cr.ick 

Cracks 

In. Cycles 

Front 

Back 

Avr. 

Front 

B-ack 

Avr 

Front 

B.ick 

Av-_ 

Observe 




SpociaK*ci Hit V 

/v *-4 Eutectic 

a 




Distance fnwi bottoa. in. 

. 

.97 

(24.6 ma 

) 

2.09 

(53.1 a. 

«) 



0.04A 2S 

0.66 

0.67 

0.67 







1 

(1.12 ■■) 100 

0.46 

0.67 

0.67 

0.43 

0.42 

0.43 




2 

Distance fco* bottoa. In 


2.71 

(68.3 ■■ 

i) 

1.40 

(35.6 BS) 




Ho cracks 









(0.69 SB) 100 

0.32 

0.35 

0.34 

0.36 

0.32 

0.34 




2 



Specimen 02; 

v/v*-6 

Eutectic + Overlay" 




Distance Iron bottoa. In. 

: 

1.75(44.5 Bi) 







0.023 SO 

So cracks 









0.71 wa) 100 

0,36 

0.61 

0.38 







1 




Specimen Hi: v/v**5 Eutectic 

a 




Distance froii* bottoa. In 


2.75 

(69.9 as 

i) 

2.06 

(52.3 BB) 

1.94 

(49.3 na) 

100 

MB cracks 









0.069 200 

0.C6 

0.06 

0.05 

0.03 

0.03 

0.03 




2 

(1.26 as) 300 

0.06 

0.07 

0.07 

0.04 

0.03 

0.04 

0.04 

0.02 

0.03 

3 

500 

0.07 

0.07 

0.07 

0.04 

0.03 

0.04 




2 

700 

0.07 

0.08 

O.OS 

0.08 

0.05 

0.07 

0.04 

0.02 

0.03 

3 

1000 

0.08 

0.08 

0.03 

0.10 

0.06 

0.08 

0.04 

0.03 

0.03 

3 

1530 

0.08 

0.08 

0.08 

0.10 

0.C3 

0.08 

0.04 

0.03 

0.04 

4 

2000 

0.10 

0.10 

0.10 

0.10 

0.07 

0.09 

0.06 

0.03 

0.04 

4 

2500 

0.12 

0.10 

O.tl 

0.10 

0.08 

0.09 

0.06 

0.03 

0.04 

4 

3000 

0.12 

O.ll 

0.12 

0.10 

0.08 

0.09 

0.04 

0.03 

0.04 

4 

3500 

0.12 

0.12 

0.12 

0.11 

0.09 

0.10 

0.04 

0.03 

0.04 

4 

6000 

0.12 

0.12 

0.12 

0.11 

0.09 

O.IO 

0.06 

0.03 

0.06 

4 

6500 

0.12 

0.12 

0.12 

0.11 

0.09 

0.10 

0.06 

0.0<6 

0.0'. 

4 

5000 

0.12 

0.12 

0.12 

0.11 

0.P9 

O.’O 

0.06 

o.a'i 

0.06 

4 

5500 

0.12 

0.12 

0.12 

0.11 

0.09 

0..0 

0.06 

0.06 

0.06 

4 

6000 

0.12 

0.12 

0.12 

0.11 

0.09 

0.1 1 

■'.06 

0.06 

0.04 

6 

•'.500 

0.12 

O.iJ 

0.1.» 

0-11 

0.09 

O.K 

0.06 

0.C6 

0..V. 

t 

7003 

0.12 

0.12 

0.12 

0.11 

0.09 

0.10 

0.06 

0.(K'. 

0.06 


7500 

0.12 

0.12 

0.12 

0.11 

0 09 

0.10 

0.06 

0.06 

0.P6 

6 

Distance froci hocion, in. 

; 

2.96 

{ 74 , 7 iwi;) 

2.75(69.9 ran) 


3.0.5 

(77.7 r 3 

300 

No c 

racks 









0.027 500 

0.0.’ 

0.02 

0.07 

0.0! 

0.01 

X).0} 





(0.69 «m) VOO 

0.02 

O.O' 

0.02 

0,01 

0.01 

o.ni 

0.01 

0.01 

0.01 

3 

1000 

0.02 

0.0? 

O.O' 

0,01 

0.01 

0.01 

0.01 

0.01 

0.01 

J 

1500 

0.03 

0.01 

0.03 

P.03 

0.03 

0.P3 

o.o;! 

0.0 i 

0.03 

s 

2000 

0.05 

0.05 

0.05 

0.0'. 

0.03 

0.0-6 

0.03 

0.03 

0.03 

u 

2500 

0.05 

0.05 

0,05 

0.06 

0.01 

P . 06 

0.03 

0.03 

O.OA 


3000 

0.05 

C.o5 

0.05 

O.C. 

C.03 

0.06 

0.03 

0.03 

O.OS 


3500 

0.05 

0.05 

0 05 

0.06 

0.03 

0.06 

0.03 

0.03 

0.03 

u 

6OC0 

0.05 

c.r*** 

0-0. 

0.06 

0.03 

0.06 

0.03 

0.03 

0.01 

u 

6500 

0.05 

0.05 

O.OS 

0.06 

0.03 

0.06 

0.03 

0.03 

0.03 

4 

5000 

0.05 

0.05 

0.05 

C.06 

0.03 

0.06 

0.03 

0.03 

0.03 

•4 

5500 

0.05 

0.05 

0.05 

0.06 

0.03 

0.06 

O.OS 

0.03 

O.Pl 

•'* 

6000 

0.05 

o.r.5 

0.05 

0.06 

0.01 

0.0.' 

0 . m 

0.03 

0.03 

4 

6500 

0.05 

0,05 

0.05 

0.06 

0.03 

0.06 

0.03 

0.0 1 

0.0’. 


7000 

0.05 

0.05 

O.OS 

0.06 

0.01 

0.06 

0.03 

0.01 

0.03 

/. 

7500 

0.05 

0.05 

O.OS 

o.n; 

0.03 

0.06 

0.01 

0.0 1 

0.01 




Spec iiii 'n 

K7: IX; 

7 38_! 






Distance frnni hotion, in.: 


1.5 (38 

1 r ,) 

2. 

96 (76 

.6 r- > 

r 

.5 O' 3. 

5 r- 3 

100 

No cracks 









0.028 200 

0.22 

0.20 

0.21 

r. T? 

0.20 

0. !' 

0.13 

0 I f 

O.ll 

70 

(0.71 OB) 130 

0.25 

0.27 

0.26 

0.1 

0.21 

n.'r 

0.17 

0.16 

0.1' 

''A 

500 

0.28 

0. 30 

O.-’O 

(1. l‘» 

0.2? 

O.’T 

0 . 1 

0 2 1 

0.’' 


700 

0.32 

0.30 

0.31 

0.23 

0.25 

0.26 

0.10 

0. >' 

0. 

pll 

1000 

0.36 

0.31 

0. 33 

0.3? 

0.31 

0.1' 


0 . y s 

0.2 . 

•5 

1500 

0.3A 

0. 32 

0. IS 

0.36 

0.1! 

n. H ( 

C. 

'1 . ? ' 

0 . 36 

< 

2000 

0.3/ 

0. v; 

0. 3 -5 

0. ss 

O.ll 

0. V. 

0 !'• 

0.3' 

0. •<’ 

S' 

2500 

0.37 

0. 3-' 

0. 3; 

0. 3<. 

0. IS 

0. s 

0. '.T 

0 . i 1 

r. 3 ' 


3000 

0.37 

0. 3 * 

0. S"! 

0. so 

0. ic. 


0. ; 

0 

0 3 


3500 

-.0.60. 


.0. 0 

--0.60 


.0. 'f. 

- {1 • 

[1. vt 

■ 0. ’ ' 

( 

40.00 

-0.60 

-0.6' 

-■>.60 

-.0.60 

-0 . SO 

-.{1. 

0. 

- n . 0 

-.0 '.n 

( 

65.00 

-0 . oO 

■ 0.60 

-0.60 

•sO . !*\) 

■-0.6O 

n..'o 

0 . ' 0 


^0..' 0 

T 

50."'f) 

-.0.60 

.0.40 

-.0.60 

.0.60 


.r, . 0 

n. ’ 0 

-.0. '.n 

'0 

S 

5500 

•0.60 

•.(».40 

.0.60 

-0.60 

-.''./•(I 


• n . ’.r< 

..O.'M 

-.n ' ■ 

s 

6000 


••(>.40 

-.0.40 

-.0.40 

--0.60 

f» . ' 1 ' 

n . ' n 

'.r> ' C‘ 

. A f' 

S' 

(R( It »V( 1 .1 ft 

r r\< 1 • • 

n pl .n 

('<! f 1 r r 

6 500 fv 

!. • > 




*• s 



ORIGINAL PAGE Bi 
OP POOR QUALmr 


10 (i i*nt . ) 







CrarT r t' 





, Total 



l.srrr.'tV 


2t»«I < ) r, 



,l 


3rrl (r; 

ifV 

rr.ic 

ln._ 

Sl.'-i*-:* 

FroiH Rn< \ 

. Art. 


Jt-J- 

-L:. 



: ' „ A'i 






S|>criwpi\ K%: 

1R-73S • 

I A I ( 

•1 




Distance 

fmre l^cttoni, i 

En. : 

2.5 (61-5 rsn) 


1.56(39.6 1 > 


1.1 < 

(2.S.7 r .1 


100 

So cr*-l" 









0.0?« 

200 

0.19 

0.21 

0.20 

0.16 

O.K 

0.16 

0.0‘ 

0.01 

0.0 . 

1-4 

(0.71 on) 

TOO 

0.22 

0.26 

0.24 

0.25 

0.27 

o.:»<. 

0.10 

O.05 

o.("; 

14 

500 

0.27 

0.30 

0.29 

0.31 

0.30 

0.3’ 

0 . in 

0.07 

0.0) 

14 


700 

0.29 

0.33 

0.31 

0.31 

0 3l 

0. tl 

0 . in 

0.11 

0.11 

14 


1000 

0.33 

0.34 

0.34 

0.3-> 

0.31 

0.3-' 

0.1 : 

o.i-> 

0. 1 1 

14 


1500 

0.35 

0.35 

0.35 

0.37 

0.35 

0.36 

0."»6 

0.7? 

0.r4 

15 


2000 

0.33 

0.37 

0.3K 

0.3!-. 

0.37 

0. 3 : 

0.27 

0. ’6 

0.-»7 

15 


2500 

0.39 

0.40 

0.40 

0.40 

0.40 

O.'iO 

0.30 

0.77 

0.'»9 

IS 


3000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.<0 

>0.40 

>0.40 

■-0.40 

>0.40 

15 


3500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>«3.40 

>0.40 

>0.40 

>0.40 

15 


4000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

15 


4500 

>0.40 

-.0.40 

>0.40 

>0.40 

■J1.40 

>6.40 

>0.40 

>0.40 

>0.7 0 

15 


5000 

--0.40 

>0.40 

>0.40 

>0.40 

>0.4-3 

>: ..50 

>0.40 

>0.40 

>0.40 

15 


5500 

•><1.40 

>0.40 

>0.40 

>0.40 

>0.40 

>■ .40 

>0.40 

>0.40 

>0.40 

15 

(Rc'ita'^vt-d n f 1 ir 

2500 1 

ycl*-*:; 

n-|«l.it<-<l 

aftfi- 

4500 cyrl<->) 






Sixx Inc-n Ht; IK-7<>? + A! 


Tiiu^'nuct' 

frr»i« in 

. : 

1.69 

(42.9 D-i 

) 


2.62 

(66.5 or>] 


3.00(76.2 

n -1 

/A lA 

100 

So 

crack* 










\U« #*« vr) 

200 

0.17 

0.16 

0.17 

0.17 


0.17 

0.17 

0.07 

0.07 

0.07 

7 


300 

O.lf! 

O.IS 

0. ;.8 

0.20 


0.19 

0.7C 

0.i>8 

0.08 

0.08 

7 


500 

0.71 

0.70 

0.71 

0.25 


0.75 

0.75 

0.08 

0.09 

0.0-9 

11 


700 

0.21 

0 i-* 

0.77 

0.25 


0.77 

0.26 

0.C9 

0.11 

0.1-3 

11 


1000 

0.71 

0.25 

0.73 

0.77 


0.30 

0.29 

0.12 

0.17 

0.12 

11 


1500 

0.26 

0.77 

0.77 

0.27 


0.10 

0.29 

0.1R 

0.14 

0.16 

14 


2000 

0.27 

0.2S 

0.78 

0.31 


0.33 

0.3? 

0.18 

0.19 

0.19 

14 


2500 

0.31 

0.79 

0.30 

0.37 


O.U 

0.37 

0.20 

0.19 

0.20 

14 


3000 

0.31 

0.79 

0.30 

0.37 


0.37 

0.37 

0.21 

0.77 

0.?2 

1-5 


3500 

0.31 

0.79 

0.30 

0.37 


0.38 

0.38 

0.22 

0.22 

0.2? 

14 


4000 

0.31 

0.79 

0.10 

0.38 


0.38 

0.38 

0.77 

0.77 

0.22 

14 


4500 

0.31 

0.29 

0.30 

0.38 


0.38 

0.38 

0.24 

0.24 

0.74 

14 


5000 

0.31 

0.30 

0.31 

0.3!. 


0.38 

0.3F 

0.75 

0.74 

0.75 

14 


5500 

0.31 

0.30 

0.31 

0.39 


0.38 

0.38 

0.25 

0.74 

0.2-, 

14 


(-000 

0.11 

0. 30 

0. 31 

0.3.8 


0. 3.S 

0.38 

0.76 

0.74 

0.75 

15 


6500 

O.'il 

0.30 

0.31 

0.3.8 


0.3s 

0.38 

0.76 

0.75 

0.25 

1 • 


7C00 

0.35 

0.33 

0. 34 

0.38 


0.3.8 

0.3.8 

0.76 

0.74 

0.25 

1-5 


7S00 

0.35 

0.3-, 

0.'5 

0.38 


0.3.8 

0.3S 

0..-6 

O.2.. 

0 . 2 ; 

1 5 

Oi**tanrt- 

bC't t<m. 

In. : 

1.75 (44.5 

r* 

-) 

3.06(77.7 r 

.1 

2.06(52 

. 2 !• 


300 


cr.icks 










0.042 

500 

O.IR 

0.13 

0.16 

0.06 


0.04 

0.0'* 

0.0? 

0.07 

0.05 

5 

(1.07 irrr,^ 

700 

0.71 

0.17 

0.19 

0.07 


0.05 

0 04 

0.01 

0.')7 

0.05 

5 


1000 

0.21 

o.iy 

0.20 

0.08 


0.05 

o.o; 

0.03 

0.08 

0.05 

6 


1500 

0.77 

0.25 

0.76 

0.09 


0. 06 

0.0‘. 

C.O • 

0.P-: 

0.07 

6 


2000 

0.30 

0.76 

0.28 

0.10 


0.0-,. 

o.o> 

0. 1 ’ 

0.14 

0.13 

6 


2500 

0.30 

0.77 

0.79 

0.1.2 


0.0.8 

0.)0 

0.15 

0.15 

C.15 

6 


3000 

0.30 

0.78 

0. ?5 

0.12 


O.il 

0.1? 

0. 18 

0.16 

0.17 

6 


3500 

0.30 

0.78 

0.79 

V .15 


0.14 

0.1% 

0.1" 

0.36 

0.37 

6 


4000 

0.30 

0.78 

0.29 

0.17 


0.14 

0.16 

0.18 

C.16 

0.17 

6 


4500 

0.30 

0.29 

0.30 

0. 19 


0.70 

o.?n 

0.18 

n, 16 

0.1 / 

6 


5000 

0.37 

0.31 

0.37 

0.73 


0.71 

0. 

o.v 

0.1 / 

0 . 1 ; 

( 


5500 

0.37 

0 . r 

0.32 

0.73 


0. >2 

o.** . 

0.15 

0.17 

0. ir. 

6 


6000 

C.37 

0.3! 

0.3.2 

0.23 


0,22 

0. ' . 

n. 1-. 

0.17 

0.18 

6 


6500 

0.33 

0.31 

0.32 

0.23 


0.22 

f t . *M 

0. V 

0.18 

0.1'- 

6 


7000 

0.33 

0.3? 

0.31 

0.74 


0.77 

0.*' ? 

P.2) 

('.2 2 

0. ?2 

6 


7500 

0.33 

0.33 

0.33 

0.74 


0.22 

0,•>^ 

0.2) 

0.27 

0.72 

6 





Sp<-< i- 

n )-2- 


,.7„- 

,M ( ' 





r>i 

f ro’i. I'(3'. 1 mm, in 


2 . 5,9 

(63.5 ! 

> 


1 

I 1 


1.8". 



700 

Sp 

crac!-.s 










0 . 0 

100 

O.IR 

0.18 

0.18 

0.2 ’ 


O.I.'. 


n. 1 ■. 

0.13 

0 . r. 


(0.71 TTM 

) 50'- 

0.75 

0.73 

0.2.5 

0.72 


0, 2(. 

0 . 

0 . ! 6 

O.IS 

0.17 



70(- 

0.77 

0.3/, 

0 . .26 

0 . 2 5 


0.3! 

0. .' 

n. 1 

(1.15 

n. 1- 



1000 

0.7-5 

0.3-> 

0.31 

6. 28 


0.3'. 

0 . • 

n ) 

0 . ' " 

r T 



1500 

0.37 

0.34 

0.'- 1 

0.35 


0.3. 

0. t t 

O ) - 

2P 

0 . ■ 5 



2000 

0.13 

0. 16 

0.3 . 

0. 2(1 


(I. • 

l‘ 

n. ' • 

( . ' ■ 

i' . . 



2500 

0.35 

0. 3‘; 

P . 3.'. 

0.3 


0 

f ' 

p ' 

• 

0 



3000 

0.35 

0. 3". 

0.37 

0.3 


,1. 

f 

n , ' 

' ’ . ’ ’ 

O'. 



3500 

0. 36 

0. <6 

0.3/ 

0. 3- 


6. . 

. 

0. 


0 . ' 



4000 

0. 16 

0.3‘. 

0.3/ 

0. 1 


n . 


n 


(' < ■ 



4500 

0.3') 

0.35 

0. 35 

0.3" 


5 _ 

f 



n , 

f- 


24 



Table 10(cont.) 


Mee 

Badlus. 


In. 


Cra ck l-onr .tb. In- Tot^l 

I at Crac k ?n« l Cr .- :ck _ 3r‘ l ^r.-><l;_ _ CrscV-; 


Cycles 

Front 

- Biar 

_*“K_ 

Front 




l>c’. 

_/.v _ 

P V . 

5000 

>0.60 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

6 

5300 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.-'.0 

6 

6000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

6 

6500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

6 

7000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

6 

7500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

;-0.40 

6 




Spccincn Ml: W SOT 


Distance 1 

Fran boc 

tOB, In. 


1.44 

(36.6 an) 

2.57 

(65.3 aa> 

i) 

3.06(77 

. 7 "'•I 

0.075 













200 

!)o cracks 









(0.64 ■■) 

300 

0.08 

0.07 

0.08 







1 


500 

0.08 

0.09 

0.09 

0.15 

0.12 

0.13 

0.05 

0.07 

0.06 

14 


700 

0.11 

0.12 

0.12 

0.21 

0.21 

0.21 

0.13 

0.11 

0.12 

IS 


1000 

0.13 

0.12 

0.13 

0.23 

0.22 

0.23 

0.14 

0.12 

0.13 

IS 


1500 

0.14 

0.12 

0.13 

0.25 

0.22 

0.24 

0.16 

0.13 

0.14 

1> 


2000 

0.24 

0.21 

0.2? 

0.33 

0.25 

0.29 

0.73 

0.27 

0.25 

IS 


2500 

0.28 

0.30 

0.29 

0.35 

0.37 

0.36 

0.30 

0.32 

0.31 

70 


3000 

0.30 

0.30 

0.30 

0.35 

0.37 

0.36 

0.3? 

0.32 

0.3? 

72 


3500 

0.31 

0.30 

0.31 

0.35 

0.37 

0.36 

0.33 

0.37 

0.31 



4000 

0.31 

0.30 

0.31 

0.35 

0.37 

0.36 

0.33 

0.32 

0.33 

2’ 


4500 

0.31 

0.30 

0.31 

0.35 

0.37 

0.36 

0.36 

0.33 

0.35 

?■’ 


5000 

0.32 

0.30 

0.31 

0.35 

0.37 

0.36 

0.36 

0.34 

0.36 

24 


5500 

0.32 

0.30 

0.31 

0.35 

0.37 

0.36 

0.36 

o.i:. 

0.36 

>24 


6000 

0.33 

0.32 

0.33 

0.37 

0.3.S 

0.3S 

0.36 

0.3S 

0.36 

>’4 


6500 

0.33 

0.32 

0.33 

0.37 

0.3.5 

0.3S 

0.36 

0.35 

0.36 

>**4 


7000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

--0.40 

>0.40 

>0.40 

>0. 40 



7500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.4(» 

>0.40 

>0.40 

-0.40 

'0.40 

, 

Distance 

fm boctoa. 1" 

, . 

1.38 

(35.1 na) 

2.44 

(62 aaa) 


3.(»(76. 

.2 r ) 

0.042 

393 

Ko cracks 









(1.07 b] 

1 500 

0.05 

0.01 

0.03 

0.02 

0.01 

0.02 




2 


TOO 

0.05 

0.02 

0.04 

0.02 

0.02 

0.02 

0.03 

0.02 

0.03 

7 


1000 

0.12 

0.10 

0.11 

0.04 

0.03 

0.04 

0.04 

0.03 

0.04 

9 


1500 

0.15 

0.14 

0.15 

0.07 

0.05 

0.06 

0.06 

0.06 

0.06 

16 


2000 

0.26 

0.27 

0.27 

0.07 

0.14 

0.11 

0.10 

0.17 

0.11 

16 


2500 

0.32 

0.2C 

0.3: 

0.15 

0.15 

0.15 

0.19 

0.22 

0.21 

24 


3000 

0.34 

0.30 

0.32 

0.19 

0.18 

0.19 

0.24 

0.22 

0.73 

74 


3500 

0.34 

0.30 

0.32 

0.20 

0.20 

0.20 

0.24 

0.27 

0.23 

7 -* 


4000 

0.34 

0.30 

0.32 

0.24 

0.22 

0.23 

0.25 

0.22 

0.24 

7 \ 


4.500 

0.34 

0.30 

0.32 

0.24 

0.23 

0.24 

0.27 

0.23 

0.25 

?* 


5000 

0.34 

0.30 

0.32 

0.24 

0.73 

0.24 

O.T? 

0.23 

0.24 

7 '* 


5500 

0.35 

0.30 

0.33 

0.24 

0.23 

0.74 

0.27 

0.73 

0.2' 



6000 

0.35 

0.30 

C.33 

0.24 

0.23 

0.24 

0.77 

0.73 

0.74 



6500 

0.37 

0.36 

0.37 

0.25 

0.23 

0.24 

0.27 

0.24 

0.76 

' 


7000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 



7500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 



Speci men f C: f'^1 509 


Dl'-: aace 

from botinu, in. 


1.25 

(31. R) 


2.00(50.8 am) 


2.50(6’. 

5 T -I 


300 

:io crac!<s 









0.024 

50;i 

0.12 

0.10 

0.11 

0.10 

0.10 

0.10 

0.0/ 

0.0.4 

0.0'. 

1.' 

(G.61 on) 

0.13 

0.12 

0.13 

0.11 

0.16 

0.13 

0.09 

0.08 

0.0' 

2S 


1000 

0.13 

0.15 

0.14 

0.17 

0.16 

0.14 

0.10 

O.P9 

0.70 

n 


1500 

0.21 

0.19 

0.70 

0.14 

0.19 

0.17 

0.19 

O.IS 

0.19 

41 


2000 

0.27 

0.28 

0.7S 

0.15 

0.27 

0.19 

0.27 

0.76 

0. '7 

/.I 


2500 

0.31 

0.29 

0.30 

0.18 

0.24 

O.’l 

0.30 

0.77 

0.'" 

4 1 


3000 

0.34 

0.20 

0.32 

0.2’ 

0.’4 

0.’3 

O.V 

0.31 

0.3' 

4’ 


3500 

0.34 

0.30 

0.32 

0.32 

0.74 

0.’8 

0. 3 ' 

0. 31 

0.4’ 

4i 


4000 

0.36 

0.33 

0.34 

0.34 

0.37 

0.33 

0.36 

0. 14 

0.4 4 

41 


4500 

0.37 

0.35 

0.36 

0.34 

0.36 

0.34 

0.37 

0.37 

0.3* 

4 1 


5000 

0.37 

0.35 

0.36 

0.34 

0.36 

0.35 

0.37 

0.37 

0.3/ 

41 


5500 

0.37 

0.36 

0.37 

0.36 

0.36 

0.36 

0.37 

0.37 

0.37 

41 


6000 

0.38 

0.36 

0.37 

0.36 

0.36 

0.36 

0.38 

0.37 

0.38 

41 


6500 

0.40 

0.38 

0.39 

0.38 

0.37 

0.18 

0.38 

0.37 

0.38 

41 


7000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.60 

>0.40 

>0.40 

>0.40 

>0.40 

41 


/500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

4' 

Olslr.nr.' 

from bottom, in. 


1.25 

(31.8 imi') 


2.88 

CM 

r*a 


2.25 (47 

. 2 : 1 


300 

•lo cracks 





' 




0.042 

500 

0.03 

0.02 

0.03 

6.0? 

0.0? 

0.02 

0.07 

0.06 

0.07 

8 

(1.0 / iim) 

/OO 

O.Oi 

0.02 

0.03 

0.03 

0.01 

0.03 

0.07 

0.07 

0.0’ 

12 


1000 

0.04 

0.06 

0.05 

0.0'- 

C.04 

0.04 

0.20 

0.16 

0.1. s 

I 


1500 

0.11 

0.10 

0.11 

0.05 

0.06 

O.Of 

0.71 

0.19 

0.70 

K 


20C0 

0.21 

0.14 

o.ir, 

O.IS 

0.08 

0.12 

0.30 

0.26 

0.74 

1" 


5 



TftMo .) 







Cr.<1 

Pcn;*.l li, 

. ill. 







l»f Cr.uk 

?n<i Cr.'tf l 


3nl Cr. r' 

1- 

Cr.'ilt s 

In. 

Cycles 

Front 

_^_ck 

-.A.vr, 

From 

_r..ic k 

_Av,; 

Fj^nr 

_h>ik 

Jyv.. 

01.' < 1 . . 


2S00 

0.24 

0.16 

0.20 

0.19 

0.13 

0.16 

0.31 

0.77 

0.2-1 

77 


3000 

0.24 

0.2? 

0.23 

0.70 

0.18 

0.19 

0.31 

0.27 

0.29 

>7 


3500 

0.24 

0.25 

0.75 

0.23 

0.74 

0.24 

0.31 

0.28 

0.30 

28 


4000 

0.25 

0.25 

0.25 

0.25 

0,24 

0.25 

0.33 

0.29 

0.31 

28 


4500 

0.27 

0.28 

0.28 

0.29 

0.26 

0.78 

0.33 

0.31 

0.37 

28 


5000 

0.29 

0.28 

0.29 

0.79 

0.27 

0.28 

0.35 

O.Vi 

0.35 

28 


5500 

0.30 

0.78 

0.29 

0.29 

0.27 

0.28 

0.36 

0.34 

0.35 

28 


6000 

0.31 

0.28 

0.30 

0.30 

0.28 

0.79 

U.36 

0,34 

0.35 

28 


6500 

0.33 

0.30 

0.32 

0.32 

0 30 

0.31 

0.36 

0.35 

0.36 

28 


7(«0 

0.33 

0.30 

0.32 

0.32 

0.30 

0.31 

0. Vi 

0.35 

0.36 

2.8 


7500 

0.37 

0.33 

0.35 

0.32 

0.31 

0.32 

0.36 

0.35 

0.36 

28 





Sporfim-'ii C?: IN-70? 





nist.nKf 

frv>m hoi torn. In. 

: 

3.00 

(76.2 n..«) 

1.06 

(26.9 sa. 

1 ) 

2.13(54.1 


200 

Ho Crac!:s 









0,0’.'. 

300 

O.IB 

u.2ri 

0.19 

0.10 

0.14 

0.17 

O.IO 

0.1? 

O.n 


(0.66 wa) 

500 

0.25 

0.26 

0.76 

0.15 

0.14 

0.15 

0.15 

0.19 

0.17 

5 


700 

0.75 

0.77 

0.26 

0.18 

0.15 

0.17 

0.19 

0.70 

0.70 

s 


1000 

0.77 

0.29 

0.28 

0.20 

O.IR 

0.19 

0.21 

0.70 

0.21 

7 


1500 

0.29 

0.79 

0.29 

0.72 

0.20 

0.21 

0.21 

0.70 

0.71 

7 


2000 

0.33 

0.30 

0 32 

0.31 

0.30 

0.31 

0.30 

0.29 

0.30 

7 


2500 

0.35 

0.36 

0.36 

0.35 

0.35 

0.35 

0.32 

0.34 

0.33 

7 


3000 

0.36 

0.38 

0.37 

0.38 

0.36 

0.37 

0.32 

0.34 

0.33 

7 


3500 

0.36 

0.39 

0.38 

0.38 

0.36 

0.37 

0.33 

0.34 

0.34 

7 


4000 

0.36 

0.39 

0.38 

0.3S 

0.36 

0.37 

0.34 

0.34 

0.34 

10 


4500 

0.36 

0.39 

0.38 

0.38 

0.38 

0.38 

0.34 

0.34 

0.34 

10 


5000 

0.39 

0.39 

0.39 

0.39 

0.39 

0.39 

0.34 

0.35 

0.35 

10 


5500 

>0.60 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

10 


6000 

>0.40 

■•0.40 

>0.40 

>0.60 

>0.40 

>0.40 

>0.40 

>0.40 

>0.4t> 

10 


6500 

>0.40 

>0.40 

>0.40 

>0.60 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

10 


7000 

>0.40 

>0.40 

>0..‘.C 

>0.40 

>0.40 

>0 40 

>0.40 

>0.40 

>0.60 

10 


7500 

>0.40 

>0.40 

>0.40 

>0.40 

■0.40 

>0.40 

>0.40 

>0.30 

>0.40 

10 

ni r.t .?n<c 

fr«nn 1»ottCMii, i;i. 


2.13 

(54.1 m) 


2.5 (63.5 ao) 


1.44 

(36.6 os) 


700 

Ho Cracks 









0.062 

1000 

0.10 

0.10 

0.10 







1 

(1.07 »■) 

1500 

0.15 

0.14 

0.15 

0.04 

0.05 

0.05 




2 


2000 

0.20 

0.72 

0.21 

O.O^V 

0.05 

0.05 

0.05 

0.02 

0.04 

3 


2500 

0.23 

0.25 

0.24 

0.0? 

0.05 

0.06 

0.14 

0.12 

0.13 

5 


3000 

0.23 

0.26 

0.24 

0.10 

0.08 

0.09 

0.i4 

0.15 

0.15 

5 


3500 

0.24 

0.76 

0.25 

0.11 

0.08 

0.10 

0.15 

0.17 

0.16 

5 


4000 

0.25 

0.26 

0.26 

O.Il 

0.10 

0.11 

0.26 

0.73 

0.25 

7 


4500 

0.2P 

0.77 

0.78 

0.15 

0.14 

0.15 

0.26 

0.23 

0.25 

7 


5C0- 

0.28 

0.27 

0.28 

0.20 

0.17 

0.19 

0.26 

0.24 

0.25 

7 


5500 

0.30 

0.78 

0.29 

0.20 

0.19 

0.70 

0.26 

0.24 

0.25 

7 


6000 

0.30 

0.79 

0.30 

0.72 

0.19 

0.71 

0.76 

0.24 

0.75 

7 


6500 

0.30 

0.29 

0.30 

0.2? 

0.19 

0.21 

0.77 

0.74 

0.26 

7 


7000 

0.30 

0.79 

0.39 

0.22 

0.2O 

0.71 

0.28 

0.74 

0.26 

17 


7500 

0.30 

0.30 

0. 30 

0.77 

0.71 

0.77 

0.28 

0.7(, 

0.27 

17 





Sporfm-'n C3: T?I- 






Di<:l.in< o 

f rt»;i» l orn , in.: 



2.75 

(57.2 0 ™) 

1.81 

(46 r-n) 


500 

Ho Cracks 









0.076 

700 

0.07 

0.06 

0.07 

0.05 

0.04 

0.05 




2 

(0.66 smllOO.') 

0.16 

0.11 

0.14 

0.15 

0.17 

0.16 




2 


1500 

0.16 

0.13 

0.15 

0.16 

0.17 

0.17 




7 


2000 

0.18 

0.14 

0.16 

0.20 

0.19 

0.20 

0.18 

0.21 

0.20 

8 


2500 

0.22 

0.24 

0.73 

0. 30 

0.27 

0.29 

0.25 

0.25 

0.25 

8 


3000 

0.23 

0.24 

0./4 

0.30 

0.30 

0.30 

0.25 

0.26 

0.76 

8 


3500 

0.25 

0.28 

0.27 

0.30 

0. JO 

0.30 

0.25 

0.27 

0.26 

9 


4000 

0.25 

0.30 

0.28 

0. 30 

0.30 

0.30 

0.26 

0.77 

0.77 

9 


6500 

0.27 

0.30 

0.29 

0.30 

0.30 

0.30 

0.77 

0.77 

0.27 

c 


5000 

0.31 

0.34 

0.33 

0. 30 

0. 35 

0.11 

0.28 

0.29 

0.2- 

11 


5500 

0.34 

0.35 

0.3'i 

0.31 

0.35 

0.33 

0.30 

0.30 

0.3C) 

11 


6000 

0.34 

0.36 

0.36 

0.31 

0.3s 

0.33 

0.30 

0.30 

0.30 

11 


6500 

0.36 

0.36 

0.3'. 

0.31 

0.3', 

0.33 

0.30 

0.30 

0.30 

11 


7000 

0.36 

0.36 

0 . 36 

0.7? 

0.3s 

0.34 

0.30 

0.30 

0. 30 

11 


7500 

0.38 

0.36 

0.3 r 

0.37 

0.3, 

0.3', 

0.31 

0.32 

0.37 

11 

P) M imrf 

fruri Potion, in. 

: 

3 . 06 

( //. 7 1 

2.4', 

(62 r. 1 


1.81 

(46 1 1 


1500 

No Cracks 









o.r -1 

2000 

O.IK 

0.17 

0 . 1 f 

0.0 

0.0,' 

0.01 

0.03 

0.9 • 

0.03 

4 

(1.0'» innl 

1 7500 

0.22 

0.70 

0.71 

0.11 

O.K' 

o.n 

0.1 1 

0. I 1 

O.n 

n 

3000 

0.23 

0.2? 

O.'M 

0.11 

0.1 ' 

0.12 

0.18 

0.1', 

0.17 

0 


3500 

0.24 

0.24 

0.7' 

n.i'. 

0. V’ 

o.n 

O.IS 

0 . 2 •' 

0. 

0 


4000 

0.24 

0.75 

0.7' 

0. 1 ' 

n .17 

0.16 

0.19 

0. 

0.7! 

0 


26 


T»Mo 10 (cent . > 







Cr^irV. 

l.rn th. 

in. 




T«t 

Radius, 



Igt CrncV 


2nd Crr.cV 



Ird f racl 


CrorV s 

in. 

Cvclos 

Front 

Back 


Front 

Bark 


Front 

Bark 

Avi‘ 



4500 

0.26 

0.25 

0.26 

0.79 

0.79 

0.19 

0.19 

0.22 

0.21 

0 


5000 

0.26 

0.25 

0.26 

0.79 

0.19 

0.19 

0.20 

0.25 

0.21 

9 


5500 

0.26 

0.27 

0.27 

0.19 

0.19 

0.19 

0.70 

0.75 

0.2i 

11 


6000 

0.27 

0.27 

0.27 

0.79 

0.19 

0.19 

0.20 

0.75 

O.’l 

11 


6500 

0.27 

0.27 

0.27 

0.25 

0.20 

0.21 

0.20 

0.75 

0.71 

11 


7000 

0.27 

0.27 

0.27 

0.25 

0.27 

0.21 

0.71 

0.75 

0.25 

11 


7500 

0.27 

0.27 

0.27 

0.25 

0.25 

0.75 

0.21 

0.75 

0.25 

11 


Spcclacn A2; KM 200 * Hf 


Distance fro*. 

bottom. 

In. : 

7.63 (47.4 am) 

2.63 (66.8 an) 

1.0(25.4 im) 

300 

Ho 

Cracks 









C.028 500 

0.20 

0.23 

0.22 

0.05 

o.os 

0.05 




2 

,, 700 

0.21 

0.24 

0.23 

0.05 

0.06 

0.06 




2 

(0.71 no) 

0.30 

0.27 

0.29 

0.08 

0.13 

O.ll 




2 

7500 

0.30 

0.28 

' 0.29 

0.08 

0.14 

0.12 




2 

2000 

0.30 

0.30 

0.30 

0.21 

0.23 

0.22 

0.07 

0.06 

0.07 

7 

2500 

0.30 

0.30 

0.30 

0.21 

0.24 

0.23 

0.13 

0.10 

0.12 

7 

1000 

0.30 

0.30 

0.30 

0.21 

0.24 

0.23 

0.16 

0.11 

0.14 

7 

3500 

0.33 

0.32 

0.33 

0.21 

0.24 

0.23 

0.17 

0.12 

0.15 

7 

4000 

0.33 

0.33 

0.33 

0.21 

0.24 

0.23 

0.17 

0.14 

C.16 

7 

4500 

0.33 

0.33 

0.33 

0.23 

0.24 

0.24 

0.21 

0.19 

o.?o 

7 

5000 

0.35 

0.38 

0.37 

0.32 

0.34 

0.33 

0.22 

0.26 

0.24 

7 

5500 

0.36 

0.38 

0.37 

0.33 

0.34 

0.34 

0.25 

0.26 

0.26 

8 

6000 

0.36 

0.31 

0.37 

0.33 

0.34 

0..34 

0.26 

0.26 

0.26 

8 

6500 

0.36 

0.38 

0.37 

0.35 

o.y. 

0.35 

0.26 

0.26 

0.26 

8 

700C 

0.37 

0.38 

0.38 

0.36 

0.35 

0.36 

0.26 

0.26 

0.26 

9 

7500 

0.37 

0.38 

0.38 

0.36 

0.35 

0.36 

0.27 

0.26 

0.27 

9 

"rfrth Sottoii, in 


1.88 (47.8 mil) 


2.25 (57.2 ssa) 


2.50 (63 

. 5r-i) 

4500 

No 

Cracks 









0.041 50.' 9 

0.05 

O.O/i 

0.05 

0.04 

0.04 

0.04 

0.07 

0.05 

0.06 

i 

(1.04 ms) 55'.H) 

0.06 

0.06 

0.06 

0.05 

0.04 

0.05 

0.08 

0.06 

0.07 

3 

6000 

0.07 

0.06 

0.07 

0.05 

0.05 

0.05 

0.08 

0.06 

0.07 

6 

6500 

0.07 

0.06 

0.07 

0.05 

0.05 

0.05 

0.08 

0.06 

0.07 

6 

7000 

0.11 

0.08 

0.10 

0.05 

0.05 

0.05 

0.17 

0.09 

0.11 

6 

7500 

0.11 

0.08 

0.10 

0.07 

0.05 

0.06 

0.12 

0.09 

0.11 

C 




Srecracn A3: 

FW 200 

+ Ilf 





Distnnee fro:« bottom, in 


7.00 (2. 

. 54 mm) 


2.00 

(50.8 mm) 

2.69 (68. 

3 r-1 

300 

No Cracks 









0.02S 500 

0.02 

0.01 

0.07 

0.02 

0.01 

0.02 

0.02 

C.Ol 

0.0? 

10 

(0.71 mm) 700 

0.03 

0.04 

0.P4 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

10 

' loco 

0.03 

0.04 

0.04 

0.03 

0.04 

0.04 

0.04 

0.03 

0.04 

10 

1500 

0.05 

0.04 

0.05 

0.04 

0.04 

0.04 

0.04 

0.03 

0.C4 

11 

2000 

0.08 

0.06 

0.07 

0.17 

0.12 

0.15 

0.14 

O.OS 

0.11 

n 

2500 

0.15 

0.11 

0.13 

C.19 

0.15 

0.17 

C . 70 

0.17 

O.n 

14 

3000 

0.17 

0.15 

0.16 

C.20 

0.17 

0.19 

0.21 

0.7? 

0. 22 

15 

3500 

0.19 

0.16 

0.18 

0.22 

0.20 

0.?4 

0.78 

0.27 

0.7S 

17 

4000 

0.19 

0.19 

0.19 

0.24 

0.78 

0.26 

0.76 

0.27 

0.2S 

IS 

4500 

0.24 

0.71 

0.73 

0.25 

0.29 

0.27 

0.28 

0.78 

0.2S 

21 

5000 

0.24 

0.21 

0.23 

0.26 

0.29 

0.28 

0.29 

0.30 

0. 30 

21 

55C0 

0.25 

0.21 

0.23 

0.26 

0.29 

0.28 

0.29 

0.30 

0.30 

21 

6000 

0.25 

0.21 

0.23 

0.?.'. 

0.2? 

0.28 

0.79 

0.30 

0. 30 

71 

6500 

0.25 

0.71 

0.73 

0.76 

0.29 

0.28 

0.29 

0.30 

0.30 

21 

7000 

0.30 

0.78 

0.29 

0.26 

0.7O 

0.78 

0.29 

0.30 

0.30 

21 

7500 

0.11 

0.29 

0.30 

0.76 

0.73 

0.28 

0.29 

0.32 

0.31 

21 

Di‘*tl^nce bottom. In. 


1 . 31 (33.3 iiot) 


1 . 75 (44.5 mm) 


2.60 (6S. 

3 

1500 

No 

Cracks 









0.042 2000 

0.0) 

0.03 

0.03 







1 

(1.07 

0.01 

0.03 

0.03 

0.02 

0.07 

0.02 

0.07 

0.02 

0.07 

7 

3000 

O.Ofi 

0.06 

0.07 

0.04 

0.04 

0.04 

0.07 

0.07 

0.07 

6 

3500 

C.08 

0.07 

0.08 

0.07 

0.06 

0.07 

O.OS 

0.07 

O.OS 

8 

4000 

o.n 

0 08 

0.10 

0.07 

0.07 

0.07 

0.10 

0.09 

0.10 

n 

4500 

0.11 

0.0'< 

0.10 

0.10 

0.07 

0.0" 

0.11 

0.10 

o.;i 

1 7 

5000 

0.1 1 

0.10 

0.17 

O.l.T 

0.0- 

0.10 

0.1 7 

0,10 

o.n 

n 

5500 

o.n 

ft. 10 

0.17 

0. lO 

0.10 

0.10 

0.1 7 

0 10 

o.n 

n 

6000 

o.r- 

0.10 

0.17 

0.13 

0.10 

0.12 

0.17 

0.10 

o.n 

1 ’ 

6500 

o.n 

0.10 

0.17 

0.15 

O.n 

P.T. 

O.n 

0.10 

0 n 

1 " 

7000 

0.16 

O.n 

0.15 

0.16 

0.13 

0.15 

o.n 

p n 

0 1 ' 

1 

7500 

0.16 

0.15 

O.li. 

0 18 

0.17 

0. i; 

o.n 

o.n 

0 1- 

1 



T»M«- 








Edftc 

Rndliis, 

In. Cvclcs 




Cr.-».-l: 


In. 



_ 

lot.l 

Cr.ifk 

Fn>ni IW*rl. 


2ml CiViJv 

Trent 

Av,' 

_3rn 1 • 

t ft--*' Iv 

Cr.'rr* 

\ O'" ; . ' 




Si*crlM-n Al: 

700 

3 Ilf 





OlotaiK'C fro!« hoft€«>, in. 

: 

1.43 

(36.3 »n) 

2.38(60.5 u* i) 


?. 80(71 . 

1 r 1 

1500 

No Cracks 





0.07 


0.02 


0.0?B 

0.04 

0.03 

0.04 

0.03 

0.03 

0.03 

O.C2 

fl 

(0.71 «a) 2!>00 
3300 

0.15 

0.08 

0.12 

0.12 

0.10 

0.11 

o.n 

0.10 

0.11 

8 

0.15 

0.12 

0.14 

0.16 

0.14 

0.15 

0.12 

0.14 

0.13 

8 

3SQ0 

0.17 

0.15 

0.16 

0.17 

0,70 

0.19 

0.16 

0.15 

0. 16 

9 

4000 

0.20 

0.18 

0.19 

0.17 

0.21 

O.lV 

0.24 

0.19 

0.7? 

9 

4500 

0.20 

0.20 

0.20 

0.24 

0.74 

0.24 

0.25 

0.70 

0.?3 

10 

5000 

0.20 

0.20 

0.20 

0.24 

0.24 

0.24 

0.25 

0.20 

0.?i 

17 

5500 

0.20 

0.20 

0.20 

0.74 

0.24 

0.24 

0.25 

o.?o 

0.?3 

13 

6000 

0.70 

0.21 

0.21 

0.75 

0.74 

0.25 

0.25 

0.70 

0.73 

I? 

6500 

0.27 

0,72 

0.77 

0.75 

0.74 

0.75 

0.25 

0.70 

0.?3 

1? 

7000 

0.22 

0.22 

0.22 

0.25 

0.74 

0.25 

0.75 

0.70 

0.?3 

12 

7500 

0.22 

0.22 

0.22 

0.25 

0.24 

0.25 

0.75 

0.76 

0.36 

\7 

Dlstnnrp ftw* bottOM, In. 


2.5 (63.5 »im) 


1.31(33.3 urn) 


7.94(74 

.7 n-;> 

2000 

No 

Cracks 









0.041 2500 

0.04 

0.0? 

0.03 

0.04 

0.02 

0,03 

0.0? 

0.0? 

0.(>3 

9 

(1.04 am) 3000 

0.04 

0.03 

0.04 

0.04 

0.03 

0.04 

0.0? 

0.03 

0.03 

9 

3500 

0.07 

0.07 

0.07 

0.06 

0.11 

O.OV 

0.08 

0.06 

0.07 

0 

4000 

0.07 

0.07 

0.07 

0.10 

0.11 

0.11 

0.09 

0.06 

0.0.5- 

<1 

4500 

0.09 

0.08 

0.09 

0.13 

0.11 

0.17 

0.09 

0.07 

O.O.s 

«» 

5003 

0.10 

0.09 

0.10 

0.17 

0.14 

0.16 

0.15 

0.10 

0.13 

9 

5500 

0.10 

0.09 

0.10 

0.17 

0.15 

9,16 

0.15 

0.11 

0.13 

9 

6000 

0.12 

0.10 

0.11 

0.17 

0.15 

0.16 

0.16 

0.11 

0.14 

0 

6500 

0.13 

0.10 

0.12 

0.19 

0.17 

0.18 

0.16 

0.11 

0.14 

« 

7000 

O.Il 

0.10 

0.17 

0.19 

0.17 

0.!l^ 

0. 1.5 

0.11 

0.14 

o 

7500 

0.13 

0.10 

0,17 

0.70 

0.18 

0.1« 

0.16 

0.11 

0.14 

11 




Spec torn J2: IN-738 





Dintanre frOM botcon, in 

- : 

2.00 

(50.8 iml 

2.75 

(69.9 au) 

1.13(28 

.7 r :,) 

530 

Mo 

Crachs 









0.024 700 

0.05 

0.01 

0.03 







1 

(0.61 an) 1000 

0.11 

0.10 

0.11 

0.13 

0.09 

0.11 

O.n 

0.10 

0.11 

8 

1500 

0.12 

0.13 

0.13 

0.16 

0.14 

0.15 

0.15 

0.14 

0.15 

8 

2000 

0.25 

0.19 

0.22 

0.30 

0.21 

0.26 

0.19 

0.77 

0.21 

6 

2500 

0.25 

0.24 

0.25 

0.33 

0.33 

0.33 

0.76 

0.77 

0.77 

8 

3000 

0.26 

0.28 

0.77 

0.36 

0.34 

0.35 

0.26 

0.28 

0.2-' 

9 

3500 

0.28 

0.31 

0.30 

0.38 

0.35 

0.37 

0.2.5 

0.31 

0.30 

9 

4000 

0.28 

0.31 

0.30 

0. 

0.35 

0.37 

0.3? 

0.33 

0 32 

11 

4500 

0.35 

0.33 

0.34 

0.38 

0.35 

0.3; 

0.35 

0.35 

0.35 

17 

5000 

0.35 

0.35 

0.35 

0.39 

0.3p 

0.38 

0.38 

0.3f. 

0.3'- 

13 

5500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>o./-o 

>0.40 

>o./o 


6000 

>0.40 

'0.40 

>0.40 

>0.40 

>0..50 

>C.40 

'-0.4(1 

>0.40 

-•0.-50 

12 

6500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

1? 

7000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

12 

7500 

>0.40 

>0.40 

>0.40 

>0.7.0 

>0.40 

>0.50 

>0.40 

.>0.40 

>0.40 

12 

Di.'-l*»ncc frctm bottom, in. 


2.75 

(6*1-9 im* 

> 

1.2S 

(44.5 n*n' 

> 

?.S0(63. 

.5 1 > 

1530 

•to CracUs 









0.0'-; 2000 

0.07 

0.06 

0.07 

0.05 

0.05 

0.05 




2 

(1.12 m») 2500 

0.17 

0.17 

0.17 

0.12 

0.1-* 

0.12 

0.0,5 

0.0.' 

O.M 

4 

3000 

0.18 

0.17 

O.IR 

0.17 

0.15 

0.16 

0.11 

0.0.5 

0.10 

4 

3500 

0.19 

0,17 

0.18 

0.73 

0.>1 

0.2? 

0.11 

0.13 

0.1’ 

5 

4000 

0.21 

0.19 

0.71 

0.23 

0.72 

0.21 

0.11 

0.15 

0.1 1 

5 

4503 

0.26 

0.77 

0.24 

0.25 

0 ‘)‘> 

0.3'. 

0.'4 

0.15 

0.15 

s 

5000 

0.26 

0.74 

0.25 

0.26 

0.25 

0.2. 

0.15 

o.r- 

0.1. 

M 

5500 

0.26 

0.25 

0.'»6 

0.7i< 

O.r; 

0.'< 

0. 

0 . r. 

0. \ 

l' 

6000 

0.26 

0.25 

0.26 

0.7.5 

0.'5 

0.'. 

0.1<. 

0. 1 . 

0. 1 

1 1 

6300 

0.76 

0.75 

0.26 

0. It 

P. 

O.' 

0.1" 

( 

I'.V 

1 1 

7000 

0.26 

0.75 

0. 

0.31 

0, 

0."" 

0. 1" 

(M 

P. V 

1 ! 

7500 

0.26 

0.26 

0.'>- 

0.3' 

o."*: 

0. 1 > 

0.’>1 

0.1' 

0. 

13 




Spot 

14; IN 

-735 





fn^ i 

b(»i ! o»‘i. In, : 

7. 75 (69-9 " 


1 .63 (*1 3 


2.19 ( 

55.6 r 

500 

So 

rricks 









0.024 700 

0.21 

0.70 

0.71 

0.14 

0.15 

0.15 

0. 1(1 

0 . n 

0.11 

3 

(0.61 1000 

0.22 

0,2,1 

0.71 

0.1' 

0.15 

0.17 

0.17 

o.n 

0.12 

4 

0.25 

0.7-> 

0.24 

0.20 

0.21 

0,2' 

0.71 

0.7 i 

D.7? 

4 

2000 

0.30 

0.23 

0.77 

0.74 

0.25 

0.3', 

0.27 

0.3-, 

0.2'. 

( 

2500 

0.32 

0.32 

0.37 

0.35 

0.3<. 

0 . V* 

0.3? 

0.5'. 

0.3J 

ft 


23 



Table 10 (root.) 


ORIGINAL PAGE lb 
OF P(X1R quality 


Edge 


1st CracV 


Crack l -enf.tb. 


2nd Crack 


In. 

Cycles 

Front 

Back 

*»g 

Front 

Back 

Avt. 


3000 

0.33 

0.35 

0.34 

0,35 

0.36 

0.36 


3500 

0.35 

0.37 

0.36 

0.35 

0.36 

0.3G 


4000 

0.37 

0.39 

0.38 

0.35 

0.36 

0.36 


4500 

0.60 

0.40 

0.40 

0.35 

0.37 

0.36 


5000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.60 


5500 

>0.40 

>0.40 

*0.40 

>0.40 

>0.40 

>0.60 


6000 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.60 


6500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.60 


7000 

>0.40 

>0.60 

>0.40 

>0.40 

>0.60 

>0.60 


7500 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

>0.40 

Distance 

from bottom, in 

1 .: 

1.31 

(33.3 H> 

.) 

2.56 


2000 

Ho Cracks 




0.041 

2500 

0.02 

0.02 

0.C2 

0.02 

0.02 

0.02 

(1.06 as) 

3000 

0.03 

0.02 

0.03 

0.0? 

0.02 

0.02 


3500 

0.03 

0.02 

0.03 

0.02 

0.02 

0.02 


4000 

J.03 

0.02 

0.03 

0.05 

0.02 

0.04 


4500 

0.03 

0.03 

0.03 

0.06 

0.02 

0.04 


5000 

0.03 

0.03 

0.03 

0.06 

0.02 

0.06 


5500 

0.03 

0.03 

0.03 

0.06 

0.06 

0.05 


6000 

0.03 

0.03 

0.03 

0.08 

0.06 

0.07 


6500 

0.03 

0.03 

0.03 

0.09 

0.10 

0.10 


7000 

0.03 

0.03 

0.03 

0.13 

0.12 

0.13 


7500 

0.15 

0.12 

0.14 

0.20 

0.19 

0.20 




Specimen L3: IN- 

738 + Overlay 

Distance froa bottom. In. 

: 

1.81 (46 am) 


2.88 1 


2000 

Ho 

Cracks 





0.026 

2500 

0.27 

0.27 

0.27 




(O.M on) 

3000 

0.27 

0.31 

0.29 





3500 

0.30 

0.33 

0.32 





4000 

0.35 

0.35 

0.35 





4500 

0.35 

0.35 

0.35 





5000 

0.36 

0.36 

0.36 





5500 

0.38 

0.36 

0.37 





6000 

0.38 

0.37 

0.38 

0.07 

0.07 

0.07 


6500 

0.38 

0.37 

0.38 

0.07 

0.08 

o.oe 


7000 

0.38 

0.40 

0.39 

0.09 

0.09 

0.09 


7500 

0.38 

0.60 

0.39 

0.16 

0.12 

0.14 

Distance 

from bottom, in 

. : 

2.06 

(52.3 on 

■) 



7000 

Ho 1 

Cracks 





0.037 

7500 

0.12 

0.09 

0.11 




(0.94 ■■) 



Spt^cimrn 

U: IN 

-738 + Overinv 

Dist.ince 

from bott 

om_ in 


2.56 

(65 inra) 


1.94 


3500 

Me 

Cracks 





o.ors 

4000 

0.21 

0.22 

0.22 




(0.71 on) 

0.25 

0.27 

0.26 





500C 

0.28 

0.30 

0.29 





5500 

0.3? 

0.31 

0.32 





6000 

0.33 

0.31 

0.32 





6500 

0.33 

0.31 

0.32 





7000 

0.38 

0.36 

0.37 

0.08 

0.10 

O.O't 


7500 

0.38 

0.60 

0.39 

0.13 

0.13 

0.11 




I 

CJ 

13; IN 

-797 9 

Ovor1.iv 

Distance froa> bottom. In. 

: 

1.44 

(36*6 mm) 



1500 

No ' 

Cracks 





0.039 

2000 

0.11 

0.11 

0.11 




(0.99 mm) 

2'',00 

0.27 

0.76 

C.27 





3000 

0.29 

0.31 

0.30 





3500 

0.37 

0.37 

0.32 





4000 

0 33 

0.33 

0.33 





4500 

0 . 3*4 

0.35 

0.15 





5000 

0.36 

0. 36 

0.36 





5500 

0.60 

0.60 

0.60 





6000 

0.60 

0.60 

0.60 





6500 

0.60 

0.60 

0.60 





7000 

>0.60 

>0.66 

0.60 





7500 

>0.60 

>0.60 

>0.60 





— Total 

3rd Crat^ _ Cr»fV» 

Fronl K.ack Ayg Q nf.c: v ;-J 


0.32 

0.36 

0.36 

0.36 

>0.6U 

>0.60 

>0.60 

>0.60 

>0.60 

>0.60 

(65 s») 


0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

O.ll 

0.1ft 

0.21 


0.36 

0.36 

0.36 

0.38 

>0.60 

>0.60 

>0.60 

>0.60 

>0.60 

>0.60 


0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.09 

0.16 

0.20 


0.16 

0.16 


0.16 

0.19 


0.06 

0 . 0 ', 


9.02 

O.OA 


0.36 

0.36 

0.36 

0.37 

>0.60 

>0.60 

>0.60 

>0.60 

>0.60 

>0.60 


6 

6 

6 

6 

6 

6 

6 

6 

6 

6 


1.94 (69.3 snal 


0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.10 

0.17 

0.71 


7 

7 

7 

7 

7 

7 

7 

1 ? 

17 

17 

17 


1.06 (26.9 so) 

1 

1 

1 

1 

1 

1 

1 

2 

2 

0.15 3 

0.18 3 


1.63 (61.4 irni) 


0.03 

o.n:. 
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TaMo 10 (ronl . ) 


Kcti;o 




Cr.xt 

1..- :• 

!■ . _ 


li.til 


lAt Cyr.1t 


|n<i r IT t • 


_ 'ir»I t ( ) 

Vr: i s 

In. Cvclen 

Front 



Frtmt 


_.V. 

Jt*\'** _'*‘**'J i 

O' - ■ / • 

nlKtnncc Uitton, In.: 

2.56 

(6S nui) 


O.RS 

(22.4 mm) 


4500 

•to 

Cracks 







0.0?0 5fK!C 

o.is 

0.70 

0.19 

0.?> 

0.2? 

0.2? 


7 

(0.74 aui) 5*100 

0.?f. 

0.71! 

0.7 V 

0.23 

0.23 

0.73 


2 

6000 

0.11 

0.3? 

0.3? 

0.75 

0.28 

0.27 


2 

6500 

0.3? 

0.37 

0.37 

0.77 

0.2R 

0.7R 


2 

7000 

0.3? 

0.37 

0.3? 

0.77 

0.7R 

0.2S 


7 

750;. 

0.37 

0.36 

O.Vi 

0.77 

0.31 

0.29 


7 




Sprcisinn 11: 18-792 ♦ 

JO^rljv 


Ulstanco from hotrom, in.: 

1.5 

(38.1 Bs) 





2000 

Ho 

Crac'.'.s 







0.033 2500 

0.26 

0.26 

0.26 





1 

(0.84 an) 3000 

0.28 

0.27 

0.28 





] 

3500 

0.28 

0.30 

0.?«! 





1 

4000 

0.28 

0.30 

0.79 





1 

4500 

0.30 

0.30 

0.30 





1 

5000 

0.30 

0.30 

0.30 





1 

5500 

0.37 

0.31 

0.32 





1 

6000 

0.34 

0.32 

0.33 





1 

6500 

0.34 

0.32 

0.33 





1 

7000 

o.y. 

0.3? 

0.33 





1 

7500 

0.34 

0.3? 

0.33 





1 


DJRf.TiU*o f.v4- botti»in, in.: 2.88(73.2 p») 



2500 

Mo 

Cracks 









0.O7R 

30. K) 

0.14 

0.15 

0,15 







1 

(0.71 »"») 

3500 

0.14 

0.15 

0.15 







1 


4000 

0.20 

0.21 

0.21 







1 


4500 

0.20 

0.24 

0.72 







1 


5000 

0.23 

0.?R 

0.76 







1 


5500 

0.23 

0.2R 

0.26 







1 


6000 

0.30 

0.29 

0.30 







1 


6500 

0.30 

0.29 

0.30 







1 


7000 

0.30 

0.29 

0.30 







1 


7500 

0.30 

0.29 

0.30 







1 




SptM 

Imon 0?: M!I 200 + Ilf 

ns + OvofIav 




Disf itnrc 

fri>T bottom. In. : 

2.69 

(68.3 ini) 


1.56(39.6 Dn) 


0.81(70.6 ict) 


2000 

No 

Cracks 









0.029 

7500 

0.29 

0.31 

0.30 







1 

(0.7A nun) 

3000 

0.30 

0.32 

0.31 







1 


3500 

0.31 

0.34 

0.33 







1 


4000 

0.37 

0.35 

0.34 

0.71 

0.26 

0.24 

0.16 

0.19 

0.18 

3 


4500 

0.37 

0.37 

0.37 

0.75 

0.77 

0.26 

0.22 

0.72 

0.22 

3 


5000 

0.37 

0.39 

0.38 

0.29 

0.31 

0. 30 

0.25 

0,27 

0.2« 

3 


5500 

0.37 

0.39 

0.38 

0.30 

0.31 

0.31 

0.25 

0.77 

0.26 

3 


6000 

0.3.5 

0.39 

0.39 

0.3’ 

0.31 

0.3? 

0.27 

0.27 

0.2/ 

4 


6500 

0.3.5 

0.39 

0. 39 

0.37 

0.31 

0.32 

0.30 

0.28 

0.79 

4 


7000 

0.3« 

0.1*> 

0.39 

0.3? 

0.31 

O.I’ 

0.30 

0.28 

0.79 

4 


7500 

0.3R 

o.y* 

0. 39 

0.3? 

0.31 

0.3? 

0.30 

0.29 

0.30 

5 




Siw-c 

|pK*n I>' 

: ^fl'l_?00 

-1 J'.C. 

1>S + Ovo-rl nv 




Ml ».f .*>n< o 

frot., in.: 

7.13 

nrv) 


1.31 

(33.3 mm) 


2.56 

(65 njfu) 


2000 

Mo 

Cracks 









0.07S 

7500 

0.14 

0.16 

0.15 







1 

(O.OA nn»i) 

3000 

0.16 

O.IR 

0.17 







1 


3500 

0.73 

0.25 

0.74 







1 


4000 

0.?4 

0.77 

0.76 

0.17 

0.15 

0.14 




2 


450*. 

0.?6 

0.2S 

0.77 

0.13 

0.19 

0.16 




*> 


5000 

0.76 

0.30 

0.78 

0.71 

0.19 

0.70 




7 


55(Ki 

0.30 

0.3? 

0.31 

0.73 

0.74 

0.74 




7 


6000 

0.33 

C.3? 

0.33 

0. 30 

0.30 

0.30 




? 


6500 

0.33 

0.3? 

0.31 

0.30 

0. 30 

0. 10 




7 


7000 

0. (3 

0.37 

0.33 

0.31 

0. 3ii 

0.31 




7 


7500 

0.34 

0.35 

0.35 

0.3> 

0.3? 

0.3’ 

o.n 

0 09 

O.lo 


1)1*.* .-nu o 

fr.v Im.i I 

o n, i!^. : 

1.31 

(33.3 , 3 


7.81 

(VI. 4 I, -I 





7000 

lo 

Cracks 









(1 . 0 !‘. 

7^0^l 


O.Of. 

0 . n«, 

0.0 . 

O.iv, 

t».l» . 





(0.99 1. i) 
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ORIGIN.^ PAGE tb 
OF POOR QUALITY 



Table 10 (cent.) 


Radius, 


1st Crack ?nd CrscK 

3rd Crack 

Cracks 

in. 

Cycles 

Trent 

Back 

Avc Pronl Back 

Avc Front 

Back AvR 

Observed 




Specimen D3: t*f 200 + Hf DS + Overlay 


Distance 

from bottom, in 

, ; 

2.25 (57.2 mm) 

2.56 (65 nan) 

1.25 (31.8 mm) 


4000 

Ho 

Cracks 





0.024 

4500 

0.12 

0.14 

0.13 



1 

(0.61 an) 5000 

0.17 

0.17 

0.17 



1 


5500 

0.17 

0.20 

0.19 



1 


6000 

0.25 

0.23 

0.24 



1 


6500 

0.26 

0.23 

0.25 



1 


7000 

0.27 

0.25 

0.26 0.04 0.03 

0.04 0.03 

0.07 0.05 

4 


7500 

0.27 

0.29 

0.28 0.04 0.03 

0.04 0.04 

0.09 0.07 

5 

Distance 

from bottom, in 

. : 

1.5 (38.1 mm) 

2.88 (73.2 nan) 




4000 

Ho 

CracUa 





0.034 

4500 • 

0.15 

0.15 

0.15 



1 

(0.86 an) 

5000 

0.15 

0.15 

0.15 



1 

5500 

0.20 

0.20 

0.20 



1 


6000 

0.21 

0.23 

0.22 



1 


6500 

0.23 

0.24 

0.24 



1 


7000 

0.26 

0.26 

0.26 0.12 0.11 

0.12 


2 


7500 

0.27 

0.26 

0.27 0.12 0.11 

0.12 


2 





Specimen F2: 200 DS 

Blcrystal 



Distance from bottom. In. 

. 

2.25 (57.2 mm) 





11.500 

No Cracks 





.044 

12,000 

0.05 

0.05 

0.05 



1 

(1.12 urn) 

12,500 

0.05 

0.06 

0.06 



1 


13,000 

0.08 

0.06 

0.07 



1 


13,500 

0.08 

0.06 

0.07 



1 


14.000 

0.09 

0.08 

0.09 



1 


14.500 

0.09 

0.08 

0.09 



1 


15,000 

0.10 

0.08 

0.09 



1 


Specimen C5: MM 2C0 -<■ Hf PS 


Distance 

from bottom. In. 

; 


11.500 

Ho 

Cracks 

.031 

12,000 

0.01 

0.01 

(0.79 mi 

i) 12,500 

0.01 

0.01 

13,000 

0.01 

0.01 


13,500 

0.03 

0.03 


14,000 

0.03 

0.03 


14,500 

0.06 

0.05 


15,000 

0.06 

0.06 


Distance 

from bottom. 

In. 

, : 

.055 

(1.40 nan) 

14,500 

llo 

Cracks 

15.000 0 

.03 

0.02 


1.25 (31.8 mm) 


0.01 
0.01 
0.01 
0.03 
0.03 
0.06 
0.06 

Specimen FI: 200 DS Blcrystal 

0.94 (23.9 inn) 

0.03 


1 

1 

1 

1 

1 

1 

1 


1 


Oh, ij > '• ;J 
Or t > ALiTi’ 
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Table U 


SUMMARY OF CRACK PROPAGATION FOR CROUP 2 SPECIMENS 


5 ^^ pace e, 
"P POOH QVAun 


Crack Length. In. 

Radius, 1st Crack ~~ 2nd Crack ~ 3rd Crack 

In. Cycles Front Rack Avg Front Back Avg Front Back Avg 

Speclnen VI: VS7 


Total 

Cracks 

Observed 


Distance from bottom, In. : 


.023 

'(0.71mm) 


50 

100 

200 

300 

500 

700 


.<0 

cracks 

0.11 

0.16 

0.11 

0.16 

0.12 

0.16 

0.16 

0.21 

0.20 

0.26 


2.9A(74.7ion) 2.5 r63.Sim) 


0.14 

0.14 

0.14 

0.19 

0.23 


0.06 

0.10 

0.14 

0.17 


0.07 

0.09 

0.15 

0.16 


0.07 

0.10 

0.15 

0.17 


0.10 

0.15 

0.20 


1.88 (47. Son) 

1 

2 

0.14 0.12 7 

0.14 0.15 11 

0.20 0.20 13 


Distance 

.034 

(O.SBob) 


1000 

0.26 

0.28 

0.27 

0.18 

0.24 

0.21 

0.25 

0.22 

0.24 

16 

1500 

0.29 

0.33 

0.31 

0.22 

0.25 

0.24 

0.27 

0.26 

0.27 

16 

2000 

0.31 

0.32 

0.32 

0.22 

0.25 

0.24 

0.36 

0,27 

0.32 

18 

from bottom. In. 

. 

1.25(31 

.8mm) 


1.13 

(28. 7mm< 


1.0 

(25.4an) 

200 

HO cracks 









300 

0.03 

0.03 

0.03 

0.02 

0.03 

0.03 

0.04 

0.03 

0.04 

5 

500 

0.10 

0.07 

0.09 

0.08 

0.06 

0.07 

0.07 

0.06 

0.07 

6 

700 

0.14 

0.11 

0.13 

0.08 

0.11 

0.10 

0.10 

0.10 

0.10 

8 

1000 

0.14 

0.11 

0.13 

0.08 

0.11 

0.10 

0.10 

0.10 

0.10 

11 

1500 

0.15 

0.11 

0.13 

0.14 

0.12 

0.13 

0.11 

0.14 

0.13 

11 

2000 

0.17 

0.13 

0.15 

0.18 

0.13 

0.16 

0.16 

0.15 

0.16 

11 


Specimen V3: V 57 


Distance from bottom. In.: 

2.0 ' 

(50.8mm) 


1.0 (25.4im) 


1.38 

(35.1mi^ 


100 

No 

cracks 









.023 

200 

0.13 

0.06 

0.10 







1 

(0.71 ns) 

300 

0.16 

0.10 

0.13 

0.11 

0.14 

0.13 

0.04 

0.04 

0.04 

3 


500 

0.16 

0.10 

0.13 

0.16 

0.14 

0.15 

0.11 

0.10 

0.11 

12 


700 

0.19 

0.14 

0.17 

0.20 

0.22 

0.21 

0.12 

0.14 

0.13 

12 


1000 

0.2i 

0.14 

0.18 

0.22 

0.22 

0.22 

0.14 

0.14 

0.14 

12 


1500 

0.22 

0.21 

0.22 

o.:o 

0.27 

0.29 

0.17 

0.21 

0.19 

12 


2000 

0.22 

0.25 

0.24 

0.32 

0.32 

0.32 

0.17 

0.24 

0.21 

12 


Distance 

from bottom, in. 

: 

1.31 (33.3mm) 


1.06 

( 26 . 9iiid) 


2.25 

(57.2nm) 


200 

Mo 

Cracks 








.034 

300 

0.11 

0.05 

0.08 

0.04 

0.03 

0.04 




2 

(0.86an) 

500 

0.12 

0.08 

0.10 

0.07 

0.05 

0.06 

0.04 

0.04 

0.04 

3 


700 

0.12 

0.15 

0.14 

0.08 

0.06 

0.07 

0.09 

0.04 

0.07 

7 


1000 

0.12 

0.15 

0.14 

0.08 

G . 

0.07 

0.09 

0.05 

0.07 

8 


1500 

0.22 

0.17 

0.20 

0.08 

0.10 

0.09 

0.09 

0.09 

0.09 

10 


2000 

0.25 

0.20 

0.23 

0.12 

0.10 

0.11 

0.14 

0.10 

0.12 

10 


Specimen V5: V 57 


Distance 

from bottom, in 


1.13 (28 



2.19 (55 

.6nn^ 


2.5(63. 

. Sum) 


50 


No Cracks 








.027 

100 

0.01 

0,02 

0.02 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

4 

(0 69 nm) 200 

0.07 

0.04 

0.06 

0.06 

0.02 

0.04 

0.04 

0.12 

0.08 

4 


300 

0.18 

0.17 

0.18 

0.13 

0.13 

0.13 

0.12 

0.25 

0.19 

15 


500 

0.21 

0.24 

0.23 

0.13 

0.13 

0.13 

0.12 

0.25 

0.19 

IS 


700 

0.29 

0.26 

0.28 

0.15 

0.12 

Q.14 

0.16 

0,25 

0.21 

18 


1000 

0.30 

0..6 

0.28 

0.17 

0.13 

C.15 

0.16 

0,27 

0.22 

18 


1500 

0.30 

0.26 

0.28 

0.23 

0.18 

0.21 

0.33 

0,32 

0.33 

18 


2000 

0.33 

0.27 

0.30 

0.25 

0.22 

0.24 

0.33 

0.32 

0.33 

13 

Distance 

from bottom, in 

, J 

1.25 (31 

. 8mm) 


1.94(49. 

3mm) 


1.06 (26.9mm) 


IOC 

No Cr’cu.s 








.034 

200 

0.15 

- 

0.08 

0,12 

. 

0.06 




2 

( 0 . 86mm) 

300 

0.15 

0,13 

0.14 

0.15 

0.13 

0.14 

0,13 

0.06 

0.09 

6 


500 

0.17 

0.13 

0.15 

0.23 

0.16 

0.20 

0.13 

0,13 

0.13 

8 


700 

0.17 

0.13 

0.15 

0.24 

0.17 

0,21 

0.13 

0.13 

0.13 

10 


1000 

0.20 

0.14 

0.17 

0.24 

0.17 

0.21 

0.13 

0.13 

0.13 

10 


1500 

0.21 

V.15 

0.18 

0.26 

0.22 

0.24 

0.14 

0,15 

0.15 

12 


2000 

0.18 

0.21 

0.20 

0.35 

0.37 

0.36 

0.30 

0.26 

0.28 

12 





Specimen Wl; 

MM 

002 





Distance 

from bottom, in 


1.0 (25.4nm) 


1.88(47 

. 8nm) 


2.81 (71.4ims) 


5-J 


bo L.MC 

,, s 








030 

100 

0.12 

0.08 

0.10 







1 

(0 76 mm) 200 

0,15 

0.17 

0.16 

0.14 

C.08 

0.11 

0.16 

0,11 

0.14 

4 


300 

0.21 

0.17 

0.19 

0.16 

0.08 

0.12 

0.19 

0.11 

0.15 

6 


500 

0.21 

0,17 

0.19 

0.19 

0.08 

0.14 

0.19 

0,15 

0,17 

6 


700 

0.22 

0.20 

0.21 

0.23 

0.20 

0.22 

0.20 

0,16 

0.18 

6 


32 



Table 11 (cent.) 


^^GJS ft 

Qt/AUIY 


Edge 
Radius , 





Crack Length, 

in* 




Total 

Cracks 

1st Crack 

2nd Crack 


3rd Crack 

In. 

Cycles 

Front 

Back 

Avg 

Front 

Back 

Avg 

Front 

Back 

Avg 

Observed 


1000 

0.22 

0.20 

0.21 

0.23 

0.20 

0.22 

0.21 

0.17 

0.19 

6 


1500 

0.24 

0.24 

0.24 

0.23 

0.21 

0.22 

0.23 

0.22 

0.23 

6 


2000 

0.25 

0.25 

0.25 

0.25 

0.2/ 

0.25 

0.26 

0.23 

0.25 

6 


2500 

0.29 

0.29 

0.29 

0.25 

0.2« 

0.25 

0.26 

0.23 

0.25 

6 


3000 

0.29 

0.29 

0.29 

0.25 

0.24 

0.25 

0.27 

0.23 

0.25 

6 


3500 

0.34 

0.35 

0.35 

0.28 

0.24 

0.26 

0.27 

0.23 

0.25 

6 


4000 

0.34 

0.35 

0.35 

0.28 

0.24 

0.26 

0.27 

0.24 

0.26 

6 


4500 

0.35 

0.37 

0.36 

0.34 

0.30 

0.32 

0.28 

0.31 

0.30 

7 


5000 

0.36 

0.37 

0.37 

0.34 

0.32 

0.33 

0.28 

0.31 

0.30 

8 


5500 

0.35 

0.37 

0.37 

0.34 

0.32 

0.33 

0.28 

0.31 

0.30 

8 


6000 

0.36 

0.37 

0.37 

0.34 

0.32 

0.33 

0.30 

0.31 

0.31 

8 


6500 

0.36 

0.37 

0.37 

0.34 

0.32 

0.33 

0.32 

0.31 

0.32 

8 


7000 

0.36 

0.37 

0.37 

0.34 

0.32 

0.33 

0.33 

0.34 

0.34 

8 


7500 

0.36 

0.38 

0.37 

0.34 

0.34 

0.34 

0.34 

0.35 

0.35 

8 

Otstance 

from bottom. In. 

: 

1.38 

( 35 . lam) 


2.75(69.9imi) 


2e0^ (52.3 ibd) 


30C 

Uo Cracks 








.034 

500 

0.05 

0.03 

0.04 







1 

(O.861D11) 

700 

0.06 

0.03 

0.04 

0.03 

0.D3 

0.03 




2 


1000 

0.07 

0.05 

0.06 

0.03 

0.03 

0.03 




2 


1500 

0.11 

0.10 

0.11 

0.03 

0.03 

0.03 

0.05 

0.04 

0.05 

4 


2000 

O.ll 

0.10 

0.11 

0.03 

0.03 

0.03 

0.05 

0.04 

0.05 

4 


2500 

0.11 

O.IO 

0.11 

0.03 

0.03 

0.03 

0.05 

0.04 

0.05 

4 


3000 

0.11 

0.10 

0.11 

0.03 

0.03 

0.03 

0.05 

0.04 

0.05 

5 


3500 

0.12 

0.10 

0.11 

0.06 

0.05 

0.06 

0.05 

0.05 

0.05 

6 


4000 

0.12 

0.16 

0.14 

0.06 

0.05 

0.06 

0.09 

0 08 

0.09 

6 


4500 

0.15 

0.18 

0.17 

0.06 

0.05 

0.06 

0.11 

0.11 

0.11 

7 


5000 

0.15 

0.20 

0.18 

0.06 

0.05 

0.06 

0.11 

0.12 

0.12 

8 


5500 

0.26 

0.20 

0.23 

0.25 

0.24 

0.J5 

0.11 

0.12 

0.12 

8 


6000 

0.26 

0.20 

C.23 

0.25 

0.24 

0.25 

0.1a 

0.13 

0.14 

8 


6500 

0.26 

0.20 

0.23 

0.25 

0.24 

0.25 

0.14 

0.13 

0.14 

8 


7000 

0.26 

0.20 

0.23 

0.25 

0.24 

0.25 

0.15 

0.13 

0.14 

9 


7500 

0.26 

0.20 

0.23 

0.25 

0.24 

0.25 

0.15 

0.13 

0.14 

9 





Soeclmep H2 

; m 002 





Distance 

from bottom. In. 


1.06 (26.9mcc) 


1.38 (35.1n»n) 


2.44(62 

tm) 


.030 

188 

0.07 

(0.76 nsn) 

200 

0.12 


30C 

0.12 


500 

0.12 


700 

0.14 


1000 

0.14 


1500 

0.15 


2000 

0.18 


2500 

0.18 


3000 

0.20 


3500 

0.20 


4000 

0.20 


4500 

0.20 


5000 

0.22 


5500 

0.22 


6000 

0.24 


6500 

0.27 


7000 

0.27 


7500 

0.27 

Distance from bottom. In 

100 

.034 

200 

0.05 

(0. 8611m) 

300 

0.05 


500 

0.06 


700 

0.06 


1000 

0.06 


1500 

0.06 


2000 

0.06 


2500 

0.06 


3000 

0.06 


3500 

0.12 


4000 

0.17 


4500 

0.17 


5000 

0.17 


5500 

0.17 


6000 

0.18 


6500 

0.19 


7000 

0.19 


7500 

0.21 


No Crack'S 


0.07 

0.07 

0.15 

0.12 

0.12 

0.24 

0.13 

0.13 

0.25 

0.13 

0.13 

0.27 

0.14 

0.14 

0,27 

0.15 

0.15 

0.27 

0.15 

0.15 

0.28 

0.20 

0.19 

0.29 

0.20 

0.19 

0.29 

0.23 

0.22 

0.30 

0.24 

0.22 

0.31 

0.24 

0.22 

0.31 

0.26 

0.23 

0.31 

0.26 

0.24 

0.31 

0.26 

0.24 

0.31 

0.26 

0.25 

0.31 

0.26 

0.27 

0.32 

0.27 

0.27 

0.32 

0.28 

0.28 

0.32 


1.5 (38 

Iran) 

No Cracl: 

.5 


0.03 

0.04 


0.03 

0.04 


0.03 

0.05 


0.03 

0.05 


0.03 

0.05 


0.03 

0.05 


0.06 

0.06 


0.06 

0.06 

0.04 

0.06 

0.06 

0.07 

0.11 

0.12 

0.07 

0.14 

0.16 

0.11 

0.15 

0.16 

0.11 

0.15 

0.16 

J.ll 

0.17 

0,17 

0,11 

0.17 

0.13 

0.15 

0.17 

0.18 

0.15 

0.17 

0.18 

0.16 

0.18 

0.20 

0.18 


0.11 

0,13 

0.0' 

0,22 

0.23 

0.-9 

0.23 

0.24 

0.19 

0.24 

0.26 

0.21 

0,25 

0.26 

0.2? 

0.26 

0.2’ 

0.23 

0.26 

0.27 

0.26 

0.30 

0.30 

0.26 

0.30 

0.30 

0.26 

0.32 

0.31 

0.26 

0.33 

0.32 

0.26 

0.33 

0.32 

0.26 

0.33 

0.32 

0.26 

0.33 

0.32 

0.26 

0.33 

0.32 

0.33 

0.33 

0.32 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.34 

0.34 

0.33 

0.34 


2.88 (73.2rai) 


0.03 

0.05 

0.05 

0.04 

0.06 

0.06 

0.17 

0.13 

0.12 

0.19 

0.15 

0.13 

0.19 

0.15 

0.13 

0.19 

0.15 

0.13 

0.20 

0.15 

0.15 

0.20 

0.15 

0-15 

0.20 

0,15 

0.16 

0.20 

0.17 

0.18 

0.20 


0.(»4 

0.05 

4 

0.13 

0.16 

5 

0.15 

0.17 

5 

0.17 

0.19 

5 

0.17 

0.20 

c 

0.17 

0.20 

6 

0.22 

0,24 

6 

0.24 

0,25 

6 

0.24 

0.25 

6 

0.24 

0.25 

7 

0.24 

0.25 

7 

0.25 

0.26 

7 

0.26 

0.26 

8 

0.27 

0.27 

8 

0.31 

0.32 

8 

0.31 

0.32 

8 

0.31 

0.32 

10 

0.31 

0.33 

10 

0.32 

0.33 

10 


0. 88 (22.4nn) 


1 

1 

1 

1 

1 

1 

1 

2 


0.10 

0,14 

3 

0.16 

0.18 

5 

0.16 

0,18 

7 

0. lo 

0.18 

9 

0.21 

0.21 

10 

0.21 

0.21 

10 

0.21 

0.21 

10 

0.21 

0.21 

10 

0.21 

0.21 

13 


33 



Table IHcont.) 


gjgg Crack Length. In. 

Radius, 1st Crack 2nd Crack 3rd Crack 

In. Cycles Front Back Avg Front Back Avg Front Back Avg 


Total 

Cracks 

Observed 






Sneclmen W3 

: MM 002 





Distance from bottom. In.; 


1.19 (30. 2mm) 


1.69 (42 

.9mm) 


2.19 (55.6™) 

.024 

100 

No 

Crack 









200 

0.22 

0.21 

0.22 

0.05 

0.03 

0.04 

0.13 

0.17 

0.15 

5 

0.61 an' 

300 

0.23 

0.22 

0,23 

0.06 

0.03 

0.05 

0.22 

0.19 

0.21 

5 


500 

0.24 

0.22 

0.23 

0.07 

0.03 

0.05 

0.25 

0.19 

0.22 

5 


700 

0,25 

0.22 

0.24 

0.07 

0.04 

0.06 

0.25 

0 23 

0.24 

7 


1000 

0.25 

0.24 

0.25 

0.07 

0.04 

0.06 

0.26 

V/.23 

0.25 

7 


1500 

0.28 

0.26 

0.27 

0.09 

0.06 

0.08 

0.28 

0.25 

0.27 

7 


2000 

0.28 

0.28 

0.28 

0.11 

0.09 

0.10 

0.28 

0.25 

0.27 

7 


2500 

0.28 

0.28 

0,28 

0.11 

0.10 

0.11 

0.28 

0.25 

0.27 

7 


3000 

0.28 

0.28 

0.28 

0.14 

0.14 

0.14 

0.28 

0.25 

0.27 

9 


3500 

0.29 

0,28 

0.29 

0.16 

0.15 

0.16 

0.33 

0.30 

0.32 

9 


4000 

0.30 

0.29 

0.30 

0.16 

0.16 

0.16 

0.33 

0.30 

0.32 

10 


4500 

0.30 

0.30 

0.30 

0.16 

0.16 

0.16 

0.35 

0.30 

0.33 

11 


5000 

0.30 

0.30 

0.30 

0.19 

0.16 

0.18 

0.35 

0.30 

0.33 

11 


5500 

0.30 

0.30 

0.30 

0.19 

0.16 

0.18 

0.35 

0.37 

0.34 

11 


6900 

0.30 

0.30 

0.30 

0.21 

0.16 

0.19 

0.35 

0.33 

0.34 

11 


6500 

0.31 

0.30 

0.31 

0.21 

0.19 

0.20 

0.35 

0.35 

0.35 

11 


7000 

0.31 

0.30 

0.31 

0.22 

0.19 

0.21 

0.35 

0.35 

0.35 

11 


7500 

0.31 

0.31 

0.31 

0.22 

0.20 

0.21 

0.35 

0.35 

0.35 

11 

Distance 

from bottom. In. : 


0. 88(22. Hnin) 


2.25(57, 

, 2mm) 


1.19 

(30.2™) 


iOO 

No 

1 Cracks 








.036 

200 

0.04 

0.07 

0.06 

0.08 

0.03 

0.06 

0.02 

0.03 

0,03 

3 

(0.91™) 

300 

0.04 

0.07 

0.06 

0.09 

0.07 

0.08 

0.04 

0.07 

0.06 

4 


500 

0,07 

0.12 

0.10 

0.09 

0.08 

0.09 

0.10 

0.12 

0.11 

7 


700 

0.08 

0.13 

0.11 

0.09 

0.08 

0.09 

0.10 

0.13 

0.12 

7 


1000 

0.10 

0.13 

0.12 

0.09 

0.08 

0,09 

0.12 

0.13 

0.13 

8 


1500 

0.11 

0.13 

0.12 

0.09 

0.08 

0.09 

0.12 

0.13 

0.13 

10 


2000 

0.17 

o.:o 

0.19 

0.09 

0.08 

0.09 

0.19 

0.13 

0.16 

10 


25**0 

0.17 

0.20 

0.19 

0.C9 

0.08 

0.09 

0.19 

0.13 

0.16 

10 


300C 

0.17 

0.20 

0.19 

0.09 

0.08 

0.09 

0.20 

0.13 

0.17 

10 


3500 

0.17 

0.20 

0.19 

0.09 

0.08 

0.09 

0.22 

0.16 

0.19 

10 


4000 

0.17 

0.20 

0.19 

0.09 

0.08 

0.09 

0.22 

0.16 

0.19 

10 


4500 

0.13 

0.21 

.'.20 

r.ii 

0.12 

0.12 

0.22 

0.21 

0.22 

10 


5000 

0.19 

0 21 

0.20 

0.14 

0.13 

0.14 

0.23 

0.21 

0.22 

30 


5500 

0.20 

0.71 

0.21 

0.14 

0.13 

0.14 

0.23 

0.22 

0 23 

lu 


6000 

0.20 

0..'l 

0.21 

0.14 

0.13 

0.14 

0.24 

0.22 

0.23 

10 


6500 

0.20 

0. >; 

0.21 

0.14 

0.13 

0.14 

0.24 

0.22 

0.23 

11 


7000 

0.21 

0.71 

0.21 

0.14 

0.13 

0.14 

0.24 

0.22 

0.23 

11 


7500 

0.21 

0.21 

0. 21 

0.14 

0.15 

0.15 

0.24 

0.25 

0.25 

11 





Specimen 

Xl: MM 

246 





Distance 

from bottom, in. ; 


0.88 (22.4mr'' 


1.88 (47.8™) 


2,56 

(65 ™) 


2/)J 

Ko Lr 









023 

300 

C.02 

. 

0.01 

0.07 

0.11 

0.09 

0.08 

0.12 

0.10 

3 

O 71 ni.C 

500 

0.04 

0.04 

0.04 

0.23 

0.16 

0.70 

0.22 

0.16 

0.19 

3 


700 

0.04 

0.34 

0.04 

0.25 

0.22 

0.24 

0.23 

0.1/ 

0.20 

5 


1000 

0.05 

0.04 

0.05 

0.26 

0.23 

0.25 

0.23 

0.20 

0,22 

5 


1500 

0,05 

0.04 

0.05 

0.28 

0.23 

0,26 

0.27 

0.22 

0.25 

11 


200C 

0.15 

0.23 

0.19 

0.32 

0.25 

0.29 

0.31 

0.26 

0.29 

n 


2500 

0.28 

0.23 

0.26 

0.32 

0.25 

0.29 

0.31 

0.26 

0.29 

11 


3000 

0.31 

0.35 

0.33 

0.32 

0.31 

0.3: 

0.33 

0.2'' 

0.30 

11 


3500 

0.32 

0.35 

0.34 

0.32 

0.31 

0.32 

0.33 

0.27 

0.30 

11 


4000 

0,34 

0.35 

0.35 

0.33 

0,31 

0.32 

0.35 

0.31 

0,33 

11 


4500 

0,34 

0.35 

0.35 

o.'^e 

0,36 

0.37 

0.35 

0.33 

0.34 

11 


5000 

0.34 

0.36 

0.35 

0.38 

0.36 

0.37 

0.35 

0.35 

0,35 

11 


5500 

0.34 

0.36 

O.’S 

0.38 

0.36 

0.37 

0.36 

0.35 

0.36 

11 


6000 

0.35 

0.36 

C.36 

0.38 

0.36 

0.37 

0.36 

0.35 

0.36 

:t 


6500 

'..35 

0.36 

0.36 

0.38 

0.36 

0.37 

0.36 

0.35 

0.36 

11 


7000 

0.36 

0.37 

0.37 

0.38 

0.37 

0.38 

0.37 

0.35 

0.36 

11 


7500 

0.36 

0.37 

0.37 

0.3i- 

0.37 

0. 38 

0.37 

0.38 

0.38 

11 
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Distance 

from bottom, in. 


1.0 (2'^ 

. 4-Tn . 


1.31 (23. 3mm) 


2.50 

f 63 . 5mm) 

.034 

3000 

0.02 

0.02 

0.02 

0.10 

0.11 

0.11 

0.05 


0.03 

7 

(0.86nnn) 3500 

0.02 

0.02 

0.02 

0.17 

0.11 

0.12 

0.05 

0.02 

0.04 

7 


4000 

0,02 

0.04 

0.03 

0.1? 

0.14 

0.13 

0.07 

0.06 

0.07 

8 


4500 

0.07 

0.09 

0.08 

0.15 

0.20 

C.18 

■1.08 

0.08 

0.08 

8 


5000 

0.10 

0.10 

0.10 

U.20 

0.20 

0.20 

0 08 

0.08 

0.08 

10 


3A 



Table ll(cont.) 


W; 






Ed|e 





Crack 

Length 

. tn. 




Total 


1st track 

2nd Crack 

3rd Crack 

Cracks 

RsdLiifi • 


Front 

Btck 

Avr 


Back 

Avk 

Front 

Back 

Avg 

Observed 


ssoo 

0.10 

0.10 

0.10 

0.20 

0.20 

0.20 

0.10 

0.08 

0.09 

11 


600u 

0.10 

0.11 

0.11 

0.21 

0.20 

0.21 

0.10 

0.08 

0.09 

11 


6500 

0.10 

0.11 

0.11 

0.21 

0.20 

0.21 

0.10 

0.08 

0.09 

13 


7000 

0.10 

0.11 

0.11 

0.21 

0.20 

0.21 

0.11 

0.09 

0.10 

16 


7500 

0.15 

0.14 

0.15 

0,21 

0.20 

0.21 

0.13 

0.14 

0.14 

16 
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Olatance 

from bottom, In. 


1.5 (78.1 mn) 


1.06 (26.9 mm) 


2.81 

71*4 mn) 


100 

i>io Cracks 









. 023 

. 20P 

0.15 

0.18 

0,17 







1 

/i oay jQQ 

0.16 

0.18 

0.17 

0.17 

0.14 

0.16 

0.17 

0.22 

0.20 

4 


500 

0.17 

0.18 

0.18 

C.17 

0.18 

0.18 

0,17 

0.22 

0.20 

7 


700 

C.18 

0.20 

0.19 

C.18 

0.18 

0.18 

0.20 

0,23 

0.22 

7 


1000 

0.19 

0.20 

0.20 

0.19 

0.18 

0.19 

0.20 

0.23 

0.22 

8 


1500 

0.21 

0.20 

0.21 

0.21 

0.18 

0.20 

0.22 

0.23 

0.23 

8 


2000 

0.26 

0.25 

0.26 

0.23 

0.21 

0.22 

0.23 

0.23 

0.23 

8 


2500 

0.26 

0.26 

0.26 

0.25 

0.23 

0.24 

0.26 

0.23 

0.25 

8 


3000 

0.26 

0.27 

0.2-’ 

0.25 

0.25 

0.25 

0.27 

0.23 

0.23 

9 


3500 

0.26 

0.27 

0.27 

0.27 

0.26 

0.27 

0.27 

0.24 

0,76 

10 


4000 

0.26 

0,27 

0.27 

0.29 

0.28 

0.29 

0.28 

0.25 

0.27 

10 


4500 

0.32 

0.32 

0.32 

0.29 

0.29 

0.29 

0.32 

0.28 

0.30 

12 


5000 

0.32 

0.32 

0.32 

0.29 

0.29 

0.29 

0.33 

0.32 

0.33 

13 


5500 

0.32 

0.32 

0.32 

0.29 

0.30 

0.3C 

0.33 

0.32 

0.33 

13 


6000 

0.32 

0.32 

0.32 

0.29 

0.30 

0.30 

0.-.3 

0.32 

0.33 

13 


6500 

0.32 

0.36 

0.34 

0.29 

0.32 

0.31 

0.35 

0.32 

0.34 

13 


7000 

0.32 

0.36 

0.34 

0.29 

0.32 

0.31 

0.35 

0.32 

0.34 

16 


7500 

0.33 

0.36 

0.34 

0.29 

0.33 

0.31 

0.35 

0.36 

0.36 

16 

Distance 

from bottom, In. 

; 

2.06 (52.3 mm) 


0.88 

(2r.4 ram) 


.7.88 

(73.2 mu' 


300 

Ko Cricks 









.033 

500 

0.08 

0.11 

0.10 







1 

(0*84 tom) 700 

0.09 

0.11 

0.10 









1000 

0.09 

0.11 

0.10 









1500 

0.14 

0.15 

0.15 









2000 

0.19 

0.18 

0.19 







1 


2500 

0.19 

0.18 

0.19 

0.05 

0.06 

0.06 




2 


jOCO 

0.20 

0.18 

0.19 

0.05 

0.06 

0.06 






3500 

0.20 

0.18 

0.19 

0.05 

0.06 

O.Oo 

0.01 

0.01 

O.Oi 

3 


4000 

0.21 

0.25 

0.23 

0.08 

0.08 

0,08 

0.04 

0,02 

0.05 

7 


4500 

0.27 

0.25 

0.2e 

0.10 

0.14 

0.12 

0.04 

0.02 

0.03 

7 


5000 

0.27 

0.25 

0.26 

0.10 

0.14 

0.17 

0.04 

0.02 

0.03 

8 


5500 

0.27 

0.25 

0.26 

0.11 

0.14 

0.13 

0.04 

0.02 

0.G3 

8 


6000 

0.28 

0.27 

0.28 

0.11 

0.14 

0.13 

C.04 

0.02 

0.03 

9 


6500 

0.28 

0.27 

0.28 

0.14 

0.14 

0.14 

0.04 

0.02 

0.03 

11 


7000 

0.28 

0.27 

C.28 

0.15 

0.14 

0.15 

0.09 

'' .02 

0.03 

14 


7500 

0.28 

0.77 

0.28 

0,15 

0.18 

0.17 

0.06 

0.11 

0.09 

15 

Distance 

from bottom. In. 


1.94 

(49.3 ram) 


1.31 

(33.3 mm) 


2.81 



ino 

No LraCi;« 









.025 

200 

0.05 

0.02 

0.04 







1 

(0 . 64 im) 300 

0.07 

0.07 

0.07 

0.06 

0.07 

0.07 

0.12 

0.09 

0.11 

6 


500 

0.13 

0.07 

O.iO 

0.13 

r> C8 

0.11 

0.14 

0.14 

0.14 

6 


700 

0.16 

0.14 

0.15 

0.16 

0.2i 

0.19 

0.18 

0.17 

0.18 

6 


1O00 

0.17 

0.14 

0.16 

0.17 

0.71 

0.19 

0.19 

0.18 

0.19 

6 


1500 

0.27 

0.20 

0.21 

0.25 

0.23 

0 24 

0.23 

0.20 

0.22 

6 


2000 

0.22 

0.25 

0.24 

0.27 

0.30 

0.29 

0.28 

0.31 

0.30 

8 


2500 

0.29 

0.25 

0.27 

0.28 

0.30 

0.29 

0.28 

0.31 

0.30 

3 


3000 

0.29 

0.25 

0.77 

0.29 

0.31 

0.30 

0.28 

0.32 

0.30 

8 


3300 

0.29 

0.25 

0.27 

0.29 

0.31 

0.30 

0.32 

0.32 

0.32 

8 


4000 

0.29 

0.27 

0.28 

0.31 

0.32 

0 .2 

0.34 

0.32 

0.33 

8 


4500 

0.29 

C.30 

0.30 

0.37 

0.32 

0.32 

o.:i 

0.32 

0,33 

8 


5000 

0.29 

0.30 

0.30 

0.33 

0.35 

0.34 

0.34 

0.34 

0. 34 

8 


5500 

0.31 

0.30 

0.31 

0.34 

0.35 

0.35 

0.34 

0. 34 

0.34 

8 


6000 

0.31 

0.3C 

0.31 

0.34 

0.35 

0.35 

0.34 

0.34 

0.34 

8 


6500 

0.31 

0.33 

0.32 

0.34 

0.35 

0.35 

0.36 

0. 36 

0.36 

8 


7000 

0.31 

0.33 

0.32 

0.34 

0.35 

0.35 

0.37 

0.3( 

0,37 

0 


7500 

0.31 

0.35 

0.33 

0.3.4 

0.36 

0,35 

0.37 

0.37 

0.37 

10 

Distance 

from bottom. In. 


1.88 

(47.8 mm) 


7.38 

(AO. 5 rm) 


1.25 

f 31 . 8 rnm) 


JOO 

Lrjci - 









.033 

500 

0.03 

0.03 

0.03 

0.06 

0,11 

0.09 

0.04 

0.05 

0.05 

4 

(0.84 tnr) 700 

0.03 

0.03 

0.03 

0.07 

0.11 

0.09 

0.05 

0.05 

0.05 

4 


1000 

C.03 

0.03 

0.03 

0.07 

0.11 

0,09 

0.05 

0.05 

0.05 

5 


1500 

0.03 

0.03 

0.03 

0.09 

0.11 

0,10 

0.05 

0.05 

0.05 



2000 

0.04 

0.03 

0.04 

0.12 

0.11 

0.12 

0.05 

0.05 

0.05 

5 



Table 11 ( cent .) 









Crack 

Length 

1 . in . 





BadTus, 



lit Crack 

2nd Crack 

3rd Crack 

Cracki 

LOe 

C*clet 

Front Rack 


Front 

tack 

Avg 

Front 

tack 

AVZ 

Observed 


2500 

0.08 

0.07 

0.08 

0.12 

0.11 

0.12 

0.05 

0.05 

0.05 

5 


3000 

0.09 

0.07 

0.08 

0.12 

0.11 

0.12 

0.11 

0.10 

0.11 

5 


3500 

0.11 

0.08 

0.10 

0.17 

0.17 

0.17 

O.U 

O.IO 

O.ll 

5 


4000 

0.11 

0.08 

0,10 

0.17 

0.17 

0.17 

0,11 

O.IC 

O.ll 

S 


4500 

0.11 

0.09 

0.10 

0.17 

0.18 

0.18 

0.11 

0.10 

o.ll 

7 


5000 

0.11 

0.09 

0.10 

0.17 

0.18 

0.18 

0.11 

0.10 

0.11 

7 


5500 

O.U 

0.09 

0.10 

0.17 

0.18 

0.18 

0.11 

0.10 

0.11 

f 


6000 

0.11 

0.09 

0.10 

0.17 

0.18 

0.18 

0.11 

0.10 

o.ll 

7 


6503 

0.13 

0.12 

0.13 

0.19 

0.18 

0.19 

0.11 

0.10 

0.11 

7 


TOCO 

0.13 

0.12 

0.13 

0.19 

0.18 

0.19 

0.11 

0.10 

0.11 

7 


7500 

0.13 

0.12 

0.13 

0.19 

0.18 

0.19 

o.i; 

0.10 

O.U 

8 





1 

1 


J2 





Oiataoce froa bottoa , lo 


1,0 ( 25.4 Mi) 


1.63 ( 41.4 wm) 


( 69.9 m3 


30 

:io > 

Crac.ts 









026 

100 

0.'4 

0.11 

0.13 

0,19 

0.15 

0.17 

0.12 

0.08 

0.10 

9 

(3-6€ ^.) 

200 

0.18 

0.16 

0.17 

0.20 

0.21 

0.21 

0.19 

0.11 

0.15 

9 


300 

0.16 

0.17 

0.18 

0.21 

0.21 

0.21 

0.19 

0.14 

0,17 

10 


500 

0.18 

0.17 

0.18 

0.21 

0.21 

0.21 

0.20 

0.16 

0.18 

10 


700 

0.18 

0.18 

0.18 

0.22 

0.21 

0.22 

0.21 

0.16 

0.19 

10 


1000 

0.18 

0.18 

0.18 

0.22 

0.21 

0.22 

0.21 

0.16 

0.19 

10 


1500 

0.18 

0.18 

0.18 

0.22 

0.21 

0.22 

0.21 

0.20 

0.21 

10 


2000 

0.18 

0.18 

0.18 

C.27 

0.21 

0.22 

0.21 

0.20 

0.21 

10 


2500 

0.29 

0.24 

0.27 

0,22 

0.21 

0.22 

0.21 

0.20 

0.21 

10 


3000 

0.31 

0.29 

O.iC 

0.27 

0.30 

0.29 

0.25 

0.25 

0.25 

10 


3500 

0.31 

0.29 

0.30 

0.27 

0.30 

0.29 

0.25 

0.25 

0.25 

10 


4000 

0.32 

0.29 

0.31 

0.28 

0.30 

0.29 

0.25 

0.25 

0.25 

10 


4500 

0.32 

0.29 

0.31 

0,29 

0.30 

0.30 

0.27 

0.28 

0.28 

10 


5000 

0.32 

0.32 

0.32 

0,29 

0.31 

0.30 

0.27 

0.28 

0.28 

10 


5500 

0.33 

0.32 

0,33 

0.29 

0.31 

0.30 

0.32 

0.33 

0.33 

10 


6000 

0.33 

0.32 

0 . 3J 

0.30 

0.31 

0.31 

0.33 

0.33 

0.33 

10 


6500 

0.33 

0.32 

0.33 

0.31 

0.31 

0.31 

0.35 

0.34 

0.35 

10 


7000 

0.33 

0.32 

0.33 

0.31 

0.31 

0.31 

0.35 

0.34 

0.35 

10 


7500 

0.36 

0.34 

0.35 

0.31 

0.31 

0.31 

0.36 

0.35 

0.36 

10 

DisCance 

from bottom . 

In . ; 

1.0 

( 25.4 am ) 

2.44 (42 «■) 


2.81 

(71.4 nn) 


IJO 

Sv") Cracks 










200 

0.07 

0.05 

0.06 

0.05 

0.34 

0.05 

0.07 

0.08 

0.08 

5 

( 0.84 ■■) 

300 

0.09 

0.07 

0.08 

0.05 

0.09 

0.07 

0.09 

0.08 

0.09 

6 


500 

0.11 

0.08 

0.10 

0.07 

0.09 

0.08 

0.09 

0.08 

0.09 

« 


700 

0.11 

0.08 

0.10 

0.08 

0.09 

0.09 

0.09 

0,14 

0.12 

6 


1000 

0.12 

0.09 

0.11 

0.08 

0.09 

0.09 

0.09 

0.14 

0.12 

6 


1500 

0.19 

0.16 

0.18 

0.09 

0.10 

0.10 

0.13 

C.14 

0.14 

7 


2000 

0.19 

0.16 

0.18 

0.15 

0.12 

0.14 

0.14 

0.18 

0.16 

12 


2500 

0.19 

0.16 

0.18 

0.15 

0.12 

0.14 

0.15 

0.20 

0.18 

12 


3000 

0.22 

0.20 

0,21 

0.17 

0.19 

9,18 

0.20 

0.20 

0.20 

14 


3500 

0.24 

0.21 

0.23 

0.17 

0.19 

0.18 

0.21 

0.20 

0.21 

IS 


4000 

0.25 

0.21 

C.23 

0.17 

0.19 

0.18 

0.21 

0.20 

0,21 

15 


4500 

0.25 

0.22 

0.24 

0.23 

0.20 

0.22 

0.22 

0.21 

0.22 

15 


5000 

0.25 

0.23 

0.24 

0.23 

0.20 

0.22 

0.22 

0.21 

0.22 

7 


5500 

0 'S 

0.23 

0.24 

0.23 

0.21 

0.22 

0.22 

0.21 

0.22 

8 


6000 

0.^6 

0.23 

0.25 

0.23 

0.21 

0.27 

0.22 

0.71 

0.22 

11 


6500 

0.26 

0.23 

0.25 

0.24 

0.22 

0.23 

0.24 

0.23 

0.24 

11 


7000 

0.26 

0.26 

0.26 

C.24 

0.22 

0.23 

0.24 

0.23 

0.24 

11 


7500 

0.27 

0.26 

0.27 

0.24 

0.22 

0.23 

0.24 

0.25 

0.25 

U 





Sncelmen y 2 

Rene 






Distance froia bottom . In 


1.88 

( 47 , Sun ) 


.94 

( 23.9 mo ) 


3. 06(^7. 7 n«Bl 


'■0 

.So ' 

Or.lCr.S 









.026 

100 

0.15 

0.12 

0.14 

0.17 

0,14 

0.16 

0.09 

0.12 

O.U 

5 

(0 66 m) 

200 

0.16 

0.17 

0.17 

0.21 

0.19 

0.20 

0.14 

0.16 

0.15 

9 


300 

0.17 

0.17 

0.17 

0.23 

0.20 

0.72 

0.17 

0.21 

0.19 

9 


500 

0.25 

0.24 

0.25 

0,23 

0.20 

0.22 

0.20 

0.21 

0.21 

9 


700 

0.25 

0.24 

0.25 

0.23 

0.20 

0.22 

0,20 

0.21 

0.21 

9 


1300 

0.25 

0.24 

0.25 

0.23 

0.20 

0.22 

0.20 

0.21 

0.21 

9 


1500 

0.25 

0.24 

0.25 

0.23 

0.21 

0.22 

0.20 

0 . 2 ? 

0.21 

9 


2000 

0.26 

0.27 

0.27 

0,23 

0,25 

o.:i 

0.26 

0,26 

0.26 

11 


2500 

0.28 

0.28 

0.28 

0.25 

0.26 

0.26 

0.28 

0.28 

0.28 

11 


3000 

0.30 

0.31 

0.31 

0.28 

0.29 

0.29 

O.ll 

0.31 

C.31 

12 


3500 

0.31 

0.31 

0.31 

0.28 

0.29 

0.29 

0.31 

0.31 

0.31 

I? 


4000 

0.31 

0.31 

0 . 3i 

0.28 

0.29 

0.29 

0.31 

0.31 

0.31 

12 


4500 

0.31 

0.34 

0.33 

0.32 

0.31 

0.32 

0.32 

0.32 

0.32 

12 


5000 

0.31 

0.34 

0.33 

0.32 

0.31 

0,32 

0.32 

0.32 

0.32 

12 


■ S500 

0.32 

0.34 

0 . 3 '» 

0.32 

0.31 

0.32 

0.33 

0.32 

0.33 

12 


36 






Table ll(cont.) 


Edn 

B«4iu8, 





Crack Lentth 

1 . In. 







1st Crack 


2nd Crack 


3rd Crack 

Cracks 

in. 

Cycles 

Front 

Back 


Front 

Back 


Front 

Back 


Observed 


6000 

0.32 

0.34 

0.33 

0.33 

0.35 

0.35 

0.33 

0.32 

0.33 

12 


6500 

0.32 

0.35 

0.34 

0.36 

0.35 

0.36 

0.33 

0.32 

0.33 

12 


7000 

0.32 

0.35 

0.34 

0.36 

0.35 

0.36 

0.33 

0.32 

0.33 

12 


7500 

0.32 

0.35 

0.34 

0.36 

0.35 

0.36 

0.35 

0.35 

0.35 

12 

Dtscanca 

froa bottoa. In. 


2.0 

(50.8m) 


1.38 

(35.1 m) 


2.75 <69 9 m) 


50 

Lrac*.s 









.036 

100 

0.01 

0.01 

0.01 

O.Ol 

0.01 

0.01 

0.02 

0.02 

0.02 

4 

(0.91 on) 

200 

0.12 

0.15 

0.14 

0.08 

0.04 

0.06 

0.07 

0.08 

0.08 

5 


300 

0.18 

0.17 

0.18 

0.14 

0.16 

0.15 

0.07 

0.09 

0.08 

5 


500 

0.18 

0.17 

0.18 

0.14 

0.16 

0.15 

0.16 

0.16 

0.16 

7 


700 

0.18 

0.17 

0.18 

0.14 

0.16 

0.15 

0.17 

0.16 

0.17 

7 


1000 

0.18 

0.17 

0.18 

0.15 

0.16 

0.16 

0.17 

0.16 

0.17 

8 


1500 

0.21 

0.17 

O.l® 

0.15 

0.16 

0.16 

0.17 

0.17 

0.17 

8 


2000 

0.21 

0.20 

0.22 

0.15 

0.16 

0.16 

0.20 

0.20 

0.20 

9 


2500 

0.24 

0.22 

0.23 

0.18 

0.19 

0.19 

0.21 

0.21 

0.21 

9 


3000 

0.24 

0.22 

0.23 

0.21 

0.20 

0.21 

0.22 

0.25 

0.24 

10 


3500 

0.26 

0.22 

0.24 

0.22 

0.20 

0.21 

0.24 

0.26 

0.25 

10 


4000 

0.27 

0.22 

0.25 

0.22 

0.20 

0.21 

0.24 

0.26 

0.25 

10 


4500 

0.27 

0.23 

0.25 

0.24 

0.25 

0.25 

0.24 

0.26 

0.25 

11 


5000 

0.27 

0.25 

0.26 

0.24 

0.26 

0.25 

0.26 

0.26 

0.26 

11 


5500 

0.27 

0.25 

0.26 

0.25 

0.26 

0.26 

0.26 

0.27 

0.27 

12 


6000 

0.27 

0.25 

0.26 

0.25 

0.26 

0.26 

0.27 

0.2’ 

0.27 

12 


6500 

0.27 

0.25 

0.26 

0.26 

0.27 

0.27 

0.29 

0.2 7 

0.28 

12 


7000 

0.27 

0.25 

0.26 

0.26 

0.27 

0.27 

0.29 

0.27 

0.28 

12 


7500 

0.28 

0.26 

0.27 


V. A. 8 

** T 
4/e *• a 

A *50 

0.2? 

0. ?* 

17 





Speclaen Y4: Rene 77 






Dlatance from botton. In.; 1.13(28.7 nn) 


1.81 (46 ml 


2.94 (74.7 m) 



..o 

Cr.icki 

.029 100 

0.17 

0.12 

(0. 74 m) 200 

0.22 

0.19 

300 

0.23 

0.22 

500 

0.23 

0.22 

700 

0.26 

0.22 

1000 

0.26 

0.22 

1500 

0.30 

0.29 

2000 

0.32 

0.32 

2500 

0.32 

0.33 

3000 

0.32 

0.33 

3500 

0.37 

0.33 

4000 

0.33 

0.35 

4500 

0.37 

0.36 

5000 

0.37 

0.36 

5500 

0.37 

0.36 

6000 

0.37 

0.36 

6500 

0.37 

0.36 

7300 

0.37 

0.36 

7500 

0.38 

0.36 

Distance froa botton, ir 




Cnck« 

.035 200 

0.07 

0.06 

(0.89 nn) JOO 

0.12 

0.07 

500 

0.12 

0.07 

700 

0.12 

0.07 

1000 

0.12 

0.08 

1500 

0.14 

0.14 

2000 

0.18 

0.19 

2500 

0.20 

0.20 

3000 

0.22 

0.26 

3500 

0.73 

0.26 

4000 

0.23 

0.26 

4500 

0.27 

0.26 

5000 

0.28 

0.26 

5500 

0.28 

0.26 

6000 

0.28 

0.26 

6500 

0.29 

0.26 

7000 

0.29 

0.26 

7500 

0.29 

0.26 


Distance 

from bottom. In. 


027 

1 ;o 


i' •' 

200 

0.07 

0.11 

(0 69 im'l 

300 

0.08 

0.14 


500 

0.18 

0.14 


700 

0.19 

0.19 


1000 

0.19 

0.19 


0.15 

0.12 

0.17 

0.15 

0.21 

0.16 

0.23 

C.20 

0.23 

0.16 

0.23 

0.20 

0.23 

0.18 

0.23 

0.21 

0.24 

0.19 

0.23 

0.21 

0.24 

0.19 

0.23 

0.21 

0.30 

0.21 

0.23 

0.22 

0.32 

0.29 

0.29 

0.29 

0.33 

0.c9 

0.30 

U.30 

0.33 

0.32 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.*34 

0.3? 

0.34 

0.34 

0.37 

0.35 

0.34 

0.35 

0.37 

0.33 

0.34 

0.35 

0.37 

0.35 

0.34 

0.35 

0.37 

0.35 

0.34 

0.35 

0.37 

0.35 

0.35 

0.35 

0.37 

0.35 

0.35 

0.35 

0.37 

0.35 

0.35 

0.35 

0.88 (22 

.4 mu) 


2.38 (60 

0.07 

0.06 

0.15 

0.11 

0.10 

0.06 

0.15 

0.11 

0.10 

0.07 

0.15 

O.ll 

0.10 

0.08 

0.16 

0.12 

0.10 

0.09 

0.16 

0.13 

0.14 

0.10 

0.18 

0.14 

0.19 

0.11 

0.18 

0.15 

0.20 

0.19 

0.21 

0.20 

0.24 

0.21 

0.21 

0.21 

0.25 

0.21 

0.22 

0.22 

0.25 

0.21 

0.22 

0.22 

0.27 

0.26 

0.22 

0.24 

0.27 

0.26 

0.26 

0.26 

0.27 

0.28 

0.26 

0.27 

0.27 

0.28 

0.26 

0.27 

0.28 

0.29 

0.26 

0.28 

0.28 

0.29 

0.26 

0.28 

0.28 

0.29 

0.26 

0.28 

Speciren 22: Rene 125 

1.13 

. 7 mm) 


1.69 (92 

0.09 




0.11 




0.16 




0.19 

0.03 

0.03 

•’.03 

0.19 

0.05 

0.04 

U.05 


0.15 

0.10 

0.13 

6 

0.20 

0.19 

0.20 

6 

0.20 

0.19 

0.20 

6 

0.20 

0 19 

0.20 

6 

0.20 

0.20 

0.20 

6 

0.20 

0.20 

0.20 

6 

0.22 

0.20 

0.21 

8 

0.23 

0.24 

0.24 

10 

0.26 

0.28 

0.27 

10 

0.32 

0.31 

0.32 

10 

0.33 

0.31 

0.32 

10 

0.33 

0.35 

0.34 

10 

J.34 

0.35 

0.35 

11 

0.34 

0.35 

0.35 

11 

0.34 

0.35 

0.35 

11 

0.34 

0.35 

0.35 

11 

0.34 

0.35 

0.35 

11 

0.34 

0.35 

0.35 

11 

0.35 

0.35 

0.35 

11 

.5 nsn) 


2.94 (74. 

. 7 m) 

0.11 

0.10 

0.11 

5 

0.12 

0.10 

0.11 

5 

0.12 

0.10 

0.11 

8 

0.13 

0.11 

0.12 

8 

0.13 

0.11 

0.12 

8 

0.17 

0.15 

0.16 

8 

0.20 

0.25 

0.23 

9 

0.21 

0.25 

0.23 

9 

0.27 

0.26 

0.27 

11 

0.28 

0.26 

0.27 

11 

0.28 

0.26 

0.27 

11 

0.30 

0.27 

0.29 

11 

0.30 

0.27 

0.29 

12 

0.32 

0.27 

0.30 

13 

0.32 

0.27 

0.30 

13 

0.32 

0.27 

0.30 

13 

0.32 

0.27 

0.30 

13 

0.32 

0.27 

0.30 

14 

.9 nn) 


2 _ 56 (65 nn) 


1 

1 

1 

2 

2 
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T«ble 11 (cont . ) 







Crack Length 

a ln« 




Total 

Radius. 



1st Crack 


2nd Crack 

3rd Crack 


Cracks 

In. 

Cycles 

Front 

Back 

Avg 

Front 

Back 

Av8 

Front 

Back 

Avg 

Observed 


1500 

0.19 

0.19 

0.19 

O.ll 

0.14 

0.13 

0.16 

0.20 

0.18 

3 


2000 

0 26 

0.28 

0.27 

0,15 

0.20 

0.18 

0.24 

0.23 

0.24 

3 


2500 

0.26 

0.28 

0.27 

0.28 

0.32 

0.30 

0.24 

0.26 

0.25 

3 


3000 

0.28 

0.28 

0.28 

0.28 

0.32 

0.30 

0.28 

0.30 

0.29 

4 


3500 

0.29 

0.28 

0.29 

0.28 

0.32 

0.30 

0.29 

0.30 

0.30 

4 


4000 

0.29 

0,30 

0.30 

0.28 

0.32 

0.30 

0.30 

0.31 

0.31 

5 


4500 

0.31 

0.30 

0.31 

0.28 

0.32 

0.30 

0.32 

0.31 

0.32 

6 


5000 

0.32 

0.31 

0.32 

0.28 

0.32 

0.30 

0.32 

0.31 

0.32 

6 


5500 

0.35 

0.33 

0.34 

0.32 

0.32 

0.32 

0.32 

0.33 

0.33 

6 


6000 

0.35 

0.33 

0.34 

0.32 

0.32 

0.32 

0.32 

0.33 

0.33 

6 


6500 

0.36 

0.36 

0.36 

0.32 

0.32 

0.32 

0.32 

0.33 

0.33 

6 


7000 

0.37 

0.38 

0.38 

0.32 

0.35 

0.34 

0.35 

0.34 

0.35 

6 


7500 

0.37 

0.38 

0.38 

0.32 

0.35 

0.34 

0.37 

0.38 

0.38 

6 

Olscaace 

fro. bottoia, in 

, : 

2.69 

(68.3 

a,) 







2330 

«Io CracKS 









.033 

2500 

0.10 

0.10 

0.10 







1 

(0.04 .■) 

3000 

0.11 

0.12 

0.12 







1 


3500 

0.13 

0.13 

0.13 







1 


4000 

0.16 

0.17 

0.17 







1 


4500 

0.16 

0.17 

0.17 







1 


5000 

0.18 

0.18 

0.18 







1 


5500 

0.19 

0.18 

0.19 







1 


6000 

0.19 

0.18 

0.19 







1 


6500 

0.19 

0.20 

0.20 







1 


7000 

0.20 

0.21 

0.21 







1 


7500 

0.20 

0.21 

0.21 







1 





Spec inen 

7.3: Rene 125 





OlsCMce 

froa bottom, in 


1.06 (26.9 rml 

1.88 (47.8 ■■) 


2.81(71 

.4 ■■) 


I'JO 

N.> 

Cr i. '- ,'. 









.027 

200 

0.14 

0.12 

0.13 







1 

(0,69 m! 

300 

0.18 

0.13 

0.16 







1 


500 

0.19 

0.16 

0.18 







1 


700 

0.25 

0.16 

0.21 







1 


1000 

0.25 

0.16 

0.21 







1 


1500 

0.25 

0.23 

0.24 

0.05 

0.07 

0.06 

0.14 

0.12 

0.13 

8 


2000 

0.25 

0.23 

0.24 

0.09 

0.09 

0.09 

0.23 

0.23 

0.23 

9 


2500 

0.30 

0.30 

0.30 

0.20 

0.24 

0.22 

0.24 

0.23 

0.24 

9 


3000 

0.33 

0.33 

0.33 

0.20 

0.24 

0.22 

0.25 

0.23 

0.24 

9 


3500 

0.33 

0.34 

0.34 

0.24 

0.25 

0.25 

0.25 

0.24 

0.25 

9 


4000 

0.35 

0.36 

0.36 

0.24 

0.25 

0.25 

0.25 

0.2' 

0.25 

9 


4500 

0.36 

0.38 

0.37 

0.30 

0.29 

0.30 

0.29 

0.29 

0.29 

9 


5000 

0.36 

0.38 

0.37 

0.30 

0.29 

0.30 

O.?® 

0.29 

0.29 

10 


5500 

0.36 

0.38 

0.37 

0.10 

0.29 

0.30 

C.30 

0.29 

0.30 

10 


6000 

0.37 

0.38 

0.38 

0.31 

0.30 

0.31 

0.33 

0-29 

0.31 

10 


6500 

0.38 

0.38 

0.38 

0.31 

0.31 

0.31 

0.33 

0.32 

0.33 

10 


7000 

0.38 

0.38 

0.38 

0.32 

0.31 

0.32 

0.33 

0.32 

0.33 

11 


7500 

0.38 

0.38 

0.38 

0.37 

0.31 

0.32 

0.33 

0.33 

0.33 

11 

Distance 

from bottom. In 


1.88 

(47.8 im) 

0.94(23.9 ■>) 


2.63 (66.8 aa) 




Cr ick'i 









.033 

1500 

0.03 

0.03 

0.03 







1 

(0.84 ml 2000 

0.04 

0.05 

0.05 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

8 


2500 

0.07 

0.05 

0.06 

0.05 

0.04 

0.05 

0.13 

0.08 

O.ll 

8 


3000 

0.07 

0.05 

0.06 

0.05 

0.04 

0.05 

0.13 

0,08 

O.ll 

8 


3500 

0.11 

0.11 

O.ll 

0.07 

0.09 

0.08 

0.13 

0.09 

O.ll 

8 


4000 

0.11 

0.11 

0.11 

0.07 

0.09 

0.08 

0.13 

0.10 

0.12 

8 


4500 

0.17 

0.15 

0.16 

0.07 

0.09 

0.08 

0.17 

0.18 

0.18 

10 


5000 

0.17 

0.15 

0.16 

o.o; 

0,09 

0.08 

0.17 

0.18 

0.18 

10 


5500 

0.17 

0.15 

0.16 

0.08 

0.09 

0.09 

0.17 

0.21 

0.19 

10 


6000 

0.17 

0.15 

0.16 

0.08 

0.09 

0.09 

0.17 

0.21 

0.19 

10 


6500 

0.17 

0.15 

0.16 

0.08 

O.OS 

0.09 

0.20 

0.21 

0.21 

10 


7000 

0.17 

0.15 

0.16 

0.11 

0.10 

0.11 

0.20 

0.21 

0.21 

10 


7500 

0.19 

0.17 

0.18 

0.13 

0.10 

0.12 

0.22 

0.21 

0.22 

10 





Sperimf-n 

26: Rene 125 





Distance 

from bottom. In 


2.88 

(73.2 mm) 

1.44 

(36.6 ma) 


2.25(57.2 ins) 


1 

n,' 










024 

200 

0.19 

0.19 

0.19 







1 


300 

0.22 

0.25 

0.24 

0.12 

0.10 

0.11 




2 

500 

0.27 

0.26 

0.27 

0.21 

0.19 

0.20 

0.11 

0.09 

0.10 

3 


700 

0.27 

0.27 

0.27 

.22 

0.22 

0.22 

0.12 

0.13 

0.13 

3 


1000 

0.28 

0.27 

0.28 

0.23 

0.22 

0.23 

0.12 

0.13 

0.13 

3 


33 



Table 11 (cent.) 


ORIGINAL PAGE lb 
OF POOR QUAurry 







Crack 

Length. 

. in. 




Total 

Radfus. 



Isc Crack 

2nd Crack 

3rd Crack 

Cri'-ks 

in. 

Cycles 

Front 

Back 


Front 

Back 

Av* 

Front 

Back 

Avg 

Ob»*rve3 


ISOO 

0.28 

0.27 

0.28 

0.23 

0.22 

0.23 

0.16 

0.15 

0.16 

5 


2000 

0.12 

0.14 

0.33 

0.29 

0.26 

0.28 

0.17 

0.17 

0.17 

5 


2SOO 

0.32 

0.34 

0.13 

0.29 

0.26 

0.28 

0.17 

0.17 

0.17 

5 


3000 

0.14 

U.34 

0.14 

0.29 

0.27 

0.28 

0.18 

0.17 

0.18 

5 


3500 

0.35 

0.35 

0.15 

0.10 

0.27 

0.29 

0.23 

0.21 

0.22 

5 


4000 

0.36 

0.35 

0.36 

0.30 

0.27 

0.29 

0.23 

0.21 

0.22 

5 


4500 

0.36 

0.35 

0.16 

0.13 

0.32 

0.33 

0.23 

0.25 

0.24 

5 


5000 

0.36 

0.36 

0.36 

0.33 

0.32 

0.31 

0.23 

0.25 

0.24 

5 


5500 

0.36 

0.36 

0.36 

0.33 

0.32 

0.33 

0.27 

0.28 

0.28 

5 


6000 

0.36 

0.36 

0.36 

0.13 

0.12 

0.33 

0.29 

0.30 

0.30 

5 


6500 

0.36 

0.36 

0.36 

0.33 

0.32 

0.33 

0.29 

0.30 

0.30 

5 


7000 

0.41 

0.40 

0.41 

0.13 

0.32 

0.31 

0.10 

0.30 

0.30 

5 


7500 

0.41 

0.40 

0.41 

0.31 

0.32 

0.33 

0.31 

0.32 

0.32 

5 

Dtscance 

froa botCoa, In 

_ . 

1.44 

(36.6 mi) 


1.06 

(26.9 ■■) 


0.94 

(23.9 ma) 


1500 

llo 

Cracks 









.036 

2000 

0.09 

0.11 

0.10 







1 

(0.91 mm) 

2500 

0.12 

0.11 

0.12 







1 


3000 

0.12 

0.11 

0.12 







1 


3500 

0.13 

0.12 

0.13 

0.02 

0.02 

0.02 




2 


4000 

0.13 

0.12 

0.13 

0.02 

0.02 

0.02 






4500 

0.13 

O.IS 

0.14 

0.02 

0.02 

0.02 




2 


5000 

0.16 

0.15 

0.16 

0.02 

G.02 

0.02 




2 


5500 

0.17 

0.16 

0.17 

0.02 

0.02 

0.02 




2 


6000 

0.20 

0.19 

0.20 

0.02 

0.02 

0.02 




2 


6500 

0.20 

0.19 

0.20 

0.02 

0.02 

0.02 




2 


7000 

0.20 

0.19 

0.20 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

3 


7500 

0.20 

0.19 

0.70 

0.03 

0.02 

0.03 

0.02 

0.04 

0.03 

7 




Specimen 01 

; v/v- 

-? Eutectic + 

WiCrAlY/Pt Coat 




Dlstaoce 

from bottom. In 


2.19 

(55.6 tm) 

2.0 (50.8 ns) 


1.63(41.4 

mm) 


4500 

So 

cnc.;.": 







.022 

5000 

0.08 

0.08 

0.08 

0.05 0.05 

0.05 0.07 

0.07 

O.U* 

4 

(0.56 ■■ 

i) 5500 

0.12 

0.12 

0.12 

0.08 0.08 

0.08 0.12 

0.12 

0.12 

4 


6000 

0.13 

0.12 

0.13 

0.08 0.08 

0.08 0.12 

0.12 

0.12 

4 


65C0 

0.15 

0.15 

0.15 

0.09 0.09 

0.09 0.14 

0.15 

0.15 

4 


7000 

0.15 

0.17 

0.16 

0.10 O.ll 

0.11 0.17 

0.17 

0.17 

4 


7500 

0.17 

C.17 

0.17 

0.10 0.11 

0.11 0.17 

0.17 

0.17 

4 




Specimen P2; v/v*-£ 

Eutectic 




Distance 

from bottom. In. : 

2.44 

(62 an) 






6000 

tJo 

Cracks 







.017 

6500 

0.01 

0.01 

0.01 





1 

(0.43 m 

) 7000 

0.01 

0.01 

0.01 





1 


7500 

0.01 

0.01 

0.01 





1 




Specimen R2; 

0-06C v / \ m K 

&itectic 




Distance 

from bottom. In.; 

2.06 

(52.3 ms) 

1.81 (46 mm) 


1.75 (44. 

5 n=) 


5000 

So 

Cracks 







.017 

6500 

0.03 

0.03 

0.03 

0.02 0.02 

0.02 0.02 

0.02 

0.02 

6 

(0.43 on 

) 7000 

0.03 

0.03 

0.03 

0.02 0.02 

0.02 0.02 

0.02 

0.02 

5 


7500 

0.03 

0.03 

0.03 

0.02 0.02 

0.02 0.02 

0.02 

0.02 

7 



Specimen SI; 

0.06c 

r/y'-£ Eutectic + NiCrAlY/Pi- Coat 



Distance 

from bottom. In 

^ . 

2.06 

(52.3 mm) 






4000 


tr jcks 







.018 

6500 

0.11 

0.11 

0.11 






(0.46 on) 7000 

0.14 

0.14 

0.14 





1 


7500 

0.14 

0.14 

0.14 





1 

1 



Specimen Tl; 

MM 200 OS Single Crystal + tJlCrAlV/Pr 



Distance 

from bottom, in. ; 

2,44 

(62 nn) 

2.31 (58.7 nn) 





60CC 

So 

Cr icks 







.024 

6500 

0.06 

0.05 

0.06 





1 

(0 61 nn) 

7000 

0.06 

0.05 

0.06 





1 


7500 

0.07 

0.05 

0,06 

0.06 0.01 

0.04 



2 





Specimen Pi; s/v'* • 

Eutectic 




Distance from bottom, in.; 


2.0 (50.8 

2.31 (58.7 mm) 




.030 

7000 

No 

Cr iciis 







(0 76 nn) 

7500 

0.01 

0.01 

0.01 

0.01 0.01 

0.01 



2 


■(9 



o 


Table 12 


Number 

of 

Cycles 

200 ^ 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

5000 

5500 

6000 

6500 

7000 

7500 


SUMMARY OF LONGITUDINAL CRACK PROPAGATION FOR GROUP 2 EUTECTIC SPECIMENS 


Average Longitudinal Crack Length, nm^ 


y/y' 

' -ft 


Pi 

Top/Bot . 

P2 

Top/Bot. 

9^ 

Top/Bot. 

9^ 

Top/Bot. 

12.7/ 9.9 
15.0/ 6.4 
21.6/16.5 
21.8/16.6 
22.2/18.6 

2.5/11.4 

5.6/14.7 

7.1/16.6 

9.9/19.8 

10.7/19.8 

2.8/ 3.8 
7.8/ 8.1 
10.7/ 8.9 
13.5/11.4 
16.3/11.9 

9.4/ 4.8 
17.3/ 8.1 
18.5/10.8 
20.2/13.5 
21.8/14.7 

23.0/19.4 

24.2/19.8 

25.8/20.2 

25.8/20.6 

25.8/21.4 

11.9/20.6 

11.9/22.2 

12.7/22.2 

13.1/22.6 

13.1/23.8 

16.3/13.1 

16.6/13.5 

18.2/13.9 

19.1/15.5 

19.8/15.5 

22.2/15.5 

22.6/15.9 

23.4/16.3 

24.2/16.6 

24.2/16.6 

25.8/21.4 

25.8/21.4 

26.2/21.4 

26.2/22.2 

26.6/22.2 

13.5/24.6 

13.9/24.6 

13.9/25.4 

14.3/25.8 

14.3/26.2 

20.6/15.9 

20.6/15.9 

20.6/15.9 

21.0/16.3 

21.4/16.3 

25.0/17.4 

25.0/17.4 

25.0/17.9 

25.4/17.9 

25.8/17.9 


y/y “6 

(0.06C) 

y/y*"6 (0.06c) + 

NlCrAlY/Pt Coated 

R1 

Top/Bot . 

R2 

Top/Bot. 

SI 

Top/Bot . 

S2 

Top/Bot . 

5.6/ 2.0 
8.6/ 6.4 
10.9/ 6.4 
12.3/10.3 
12.7/11.5 

5.6/ 1.5 
9.5/ 7.9 
10.9/10.9 
11.9/13.1 
12.3/11.9 

10.9/ 4.8 
15.0/ 7.8 
16.5/ 8.4 
17.4/11.1 
19.1/13.5 

4.8/ 1.8 
7.9/ 7.8 
9.1/ 9.1 
10.3/11.5 
11.5/12.3 

12.7/12.7 

13.1/12.7 

13.5/14.3 

13.9/15.1 

14.7/15.1 

12.3/11.9 

13.9/12.3 

13.9/14.7 

16.3/14.7 

17.0/15.1 

19.1/13.5 

19.8/13.5 

20.6/13.5 

20.6/15.5 

20.6/15.5 

11.5/12.7 

11.5/13.1 

11.9/14.3 

12.3/15.5 

12.3/15.5 

15.9/16.3 

16.3/16.3 

16.3/16.6 

16.3/16.6 

17.0/17.0 

17.0/16.3 

18.6/16.3 

19.1/16.3 

19.1/17.4 

19.1/17.4 

21.4/15.5 

21.8/16.3 

21.8/16.3 

21.8/16.3 

21.8/16.3 

12.7/17.0 

12.7/17.0 

13.1/17.0 

13.1/17.4 

13.1/17.4 


^Average crack length calculated from two scale measurements. 
^Cyclic exposure with first observable longitudinal cracks. 




PARTICLES 


SPECIMENS 


SILICON CARBIDE 
HEATING ELEMENT 


Figure 1^ 
hermai: FiiC 
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Double- Edge Wedge Speclim 
(dimensions In mm) 


Double -El 



Weight Change, Percent 


0 


- MM 200 + Hf (7,500 cycles) 

- MM 200 + Hf + Overlay 

- MM 200 + Hf DS 

- MM 200 + Hf DS + Overlay (7,500 cycles) 

- MM 200 DS Single Crystal 

- MM 200 DS Blcrystal 

- MM 200 DS Single Crystal + NlCrAlY/Pt coat 
(7,500 cycles) 
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Figure 3 

Percent Weight Change versus Accumulated Cycles for Coated and Uncoated MM 200 
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Figure 4 
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(7.. 3) 
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8000 


Percent Weight Change versus Accumulated Cycles for Coated and Uncnated IN-738, 

IN-792 + Hf, and MM 509 
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Figure 5 

Percent Weight Change versus Accutmilated Cycles for Uncoated Superalloys 
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Accumulated Thermal Cycles 

Figure 6 

Percent Weight Change versus Accumulated Thermal Cycles for Coated and Uncoated 

y/v*-6 os Eutectic Alloys 









Neg. No. 45139 

B5 B2 B 

(b) MW 200 + Hf + overlay, 15,000 c 


Figure 9 

Appearance of MM 200 + Hf after Indicated Thermal Cycles 
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(a) IN-792 + Hf + overlay 


Figure 13 

Appearance of IN- 792 + Hf and IM-738 after 7,500 Thermal Cycles 
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